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Logarithmic  Scale 

Simpfifies  reading  of  Peak  Expiratory  Flow  Rate  (PEFR) 
One  unit  satisfles  the  standards  for  both  children  and  adults 

Cost  Effective 

One  peak  flow  meter  for  all  users 

One  peak  flow  meter  for  asthma  or  emphysema  patients 

ColorZone^^  Tapes 

True  zones  as  suggested  by  the  NAEP 
Actual  zones,  not  end  points,  are  easily  identified 
Facilitates  customization  as  suggested  by  NAEP 
ColorZones^M  are  transparent  -  indicator  is  easy  to  see 

Internal  Indicator 

Reliable  and  accurate  readings  - 
indicator  is  enclosed  and  tamper  proof 

Transparent  body  of  the  TruZone^" 
can  be  held  in  any  manner 

Prevents  inadvertent  changes  to  the 
PEFR  readings 

User  friendly  -  facilitates  patient 
compliance 

Unique  Body  Shape 

Comfortable  to  hold 

Ready  for  convenient  use  at  all  times 

Nothing  to  unfold  or  assemble 
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In  MDI  Drug  Delivery.^ 

The  choice  just  got  easier. 


Better  delivery. 


OptiHaler*  is  designed  to  give  your  patients  the  full 
benefit  of  their  MDI  medication.  Its  patented  aerodynamic 
action'  creates  a  measurably  superior  aerosol  mixture  — 
richer  in  the  smaller,  more  effective  particles.'  And  it  mai<es 
more  of  that  mixture  available  for  delivery  to  the  lungs  than 
conventional  holding  chambers.' 


So  why  not  make  MDI  therapy  easier  for  your 
patients... with  the  product  more  patients  prefer.^  Call 
our  24-hour  customer  service  hotline  today  for  your  free 
professional  sample  of  new,  improved  OptiHaler. 


f'800'962'1266 


Better  design. 


OptiHaler's  new  simplified  design  makes  MDI  therapy 
easier  than  ever.  Patients  simply  press  and  release  the 
canister  while  inhaling  —  then  close  the  end  cap  for  the 
next  puff,  Cleaning  and  maintenance  are  easier  too. 

Better  compliance. 

And  because  more  convenience 

usually  means  better  compliance, 

OptiHaler  packs  all  of  these 

advantages  into  a  sleek,  discreet, 

truly  portable  unit  that  patients  rate 

significantly  more  convenient  for 

daily  use  than  the  leading  holding  chambers 
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Drug  Delivery  System  for  use  with  Metered  Dose  Inhaiers 

The  promise  of  MDI  therapy... delivered. 

From  the  makers  of  ASSESS*  and  Personal  Best*  Peak  Row  Maters 

HealthScan  Products  Inc.,  Cedar  Grove,  NJ 
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ence with  a  novel  spacer  device  (Presented  at  the  1993  meeting  ot  the  American  Academy  o( 
Allergy  and  Immunology).  "  US,  Patent  No  5.040.527    OA76O(XM-0   eiB84,  HmnsoanPrMuctiinc. 
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Sooner  or  later, 
beweanii^liimofftheveiil 


<' 


So  wlii'noliiiakeil  sooner? 

Weaning  protocols  that  use  capnography 
can  help  take  the  guesswork  out  of 
weaning  decisions. 

Considering  the  time,  resources,  and  quality-of-care 
issues  involved  in  weaning  ventilated  patients,  the 
implications  are  clear.  When  the  process  of  weaning 
patients  from  the  ventilator  is  arbitrary,  it  creates  variability 
that  can  lead  to  increased  costs  and  reduced  efficiency. 
There  is  an  alternative.  Close,  continuous  monitoring 
of  end-tidal  CO2-  as  part  of  a  weaning  protocol -provides 
timely  information  to  help 
you  gauge  your  patient's 
ability  to  be  weaned  off  the 
ventilator.  Instituting  a 
protocol  that  leads  to  fewer 
ABGs  and  reduced  ventilator 
time  per  patient  can  save 
money,  potentially  improve 
quality  of  care,  help  reduce 
MLOS,  and  make  bed 
utilization  more  efficient. 


With  the  ULTRA  CAP  monitor, 
the  effects  of  ventilator  settings 
can  be  measured  breath  to  breath, 
rather  than  after  the  10-  to  20- 
minute  waits  associated  with 
blood  gas  analysis. 


Make  the  ULTRA  CAP  monitor  a  part 
of  your  ventilator  weaning  process. 

Nellcor  can  help  you  integrate  capnography  into  a 
vital  and  effective  weaning  protocol.  Take  advantage  of 
our  extensive  training  and  support  materials,  including 
our  comprehensive  collection  of  institutional  weaning 
protocols.  And  you  can  use  the  ULTRA  CAP'"  monitor- 
Nellcor's  premier  capnograph  and  pulse  oxlmeter-to 
implement  a  protocol  of  your  own. 

Because  when  it  comes  to  weaning  patients  off  the 
ventilator,  we  think  you'll  agree -the  sooner,  the  better. 

For  more  information,  contact  your  local  representative 
or  call  1-800-NELLCOR  or  510-463-4000.  (Call  our 
European  office  at  +31.73.426565  or  our  Asia/Pacific 
office  at +852.529.0363.) 

NELLCOR* 


NELLCOR  and  ULTRA  CAP  are  trademarks  of  Nellcor  Incorporated. 
O  Nellcor  Incorporated  1994.  All  rights  reserved. 
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For  Patients  With  Asttima 


Twice-Daily 

Seres/enf 

(solmeferol  xinafoote) 

Inhalation  Aerosol 

Morning  and  Evening  Intialation 
for  Active  Days  and  Restful  Nigtits 


SEREVENT  Is  Indicated  for  maintenance  treatment  of  asttima  and  prevention  of  bronchospasm  In 
patients  12  years  of  age  and  older  wltti  reversible  obstructive  airway  disease,  Including  patients  witti 
symptoms  of  nocturnal  asthma,  wtio  require  regular  treatment  with  Inhaled,  short-acting  B2-agonlsts. 

Dosing  should  be  tv\/o  puffs  (42  \jg)  of  SEREVENT  Inhalation  Aerosol,  twice  dally,  morning  and  evening, 
approximately  12  hours  apart. 

IMPORTANT:  SEREVENT  should  not  be  used  to  relieve  acute  asttima  symptoms. 

Ttie  most  common  drug-related  adverse  events  reported  in  clinical  trials  were 
headactie  (10%),  tremor  (3%),  and  cougti  (3%).' 

Ploat0  consult  Brltf  Summary  of  Pmscrlbing  Information  on  adlacmnt  pag»$. 


Serevent® 

(salmeterol  xinafoate) 
Inhalation  Aerosol 


BRIEF  SUMMARY 


Bronchodllator  Aerosol 
For  Oral  Inhalation  Only 

The  following  Is  a  brief  summarv  only.  Before  prescribing,  see  complete  prescribing  information 
In  SerevenP  inhalation  Aerosol  product  labeling. 

CONTRAINDICATIONS:  Serevenf  Inhalation  Aerosol  Is  contraindicated  In  patients  with  a  history 
of  hypersensitivity  to  any  of  the  components, 

WARNINGS:  1 .  Not  for  Use  to  Treat  Acute  Smotoms:  Watch  for  Increased  Need  for  Short-Actino 
Betay-Aoonlsts:  Serevenf  inhalation  Aerosol  should  not  be  used  to  relieve  acute  asthma  symp- 
toms, if  the  patient's  short-acting,  inhaled  beta2-agonist  becomes  less  effective,  e.g.,  the  patient 
needs  more  inhalations  than  usual,  medical  evaluation  must  be  obtained  immediately  and 
increasing  use  of  Serevent  inhalation  Aerosol  in  this  situation  Is  Inappropriate,  Serevent  inhalation 
Aerosol  should  not  be  used  more  frequently  than  twice  dally  (morning  and  evening) 
at  the  recommended  dose.  When  prescribing  Serevent  inhalation  Aerosol,  patients  must  be 
provided  with  a  short-acting,  inhaled  betaj-agonist  (e.g.,  albuterol)  for  treatment  of  symptoms 
that  occur  despite  regular  twice-daily  (morning  and  evening)  use  of  Serevent. 

Asthma  may  deteriorate  acutely  over  a  period  of  hours  or  chronically  over  several  days,  in  this 
setting,  increased  use  of  Inhaled,  short-acting  beta2-agonlsts  Is  a  marker  of  destabilization  of 
asthma  and  requires  re-evaluation  of  the  patient  and  consideration  of  alternative  treatment  regi- 
mens, especially  Inhaled  or  systemic  corticosteroids,  if  the  patient  uses  four  or  more  inhalations 
per  day  of  a  short-acting  betaz-agonist  on  a  regular  basis,  or  if  more  than  one  canister  (200 
Inhalations  per  canister)  Is  used  in  an  8-weel<  period,  then  the  patient  should  see  the  physician 
for  re-evaluation  of  treatment. 

2.  Use  With  Short-Actino  Beta?-Adonists:  When  patients  begin  treatment  with  Serevent 
Inhalation  Aerosol,  those  who  have  been  taking  short-acting,  inhaled  beta2-agonlsts  on  a  regular 
dally  basis  should  be  advised  to  discontinue  their  regular  daily-dosing  regimen  and  should  be 
clearly  Instructed  to  use  short-acting,  inhaled  beta2-agonists  only  for  symptomatic  relief  If  they 
develop  asthma  symptoms  while  taking  Serevent  inhalation  Aerosol  (see  PRECAUTIONS:  Drug 
interactions). 

3.  Serevent  inhalation  Aerosol  is  Not  a  Substitute  for  Oral  or  inhaled  Corticosteroids:  Patients 
must  be  warned  not  to  stop  or  reduce  corticosteroid  therapy  without  medical  advice,  even  if  they 
feel  better  when  they  are  being  treated  with  Serevent. 

4.  Do  Not  Exceed  Recommended  Dose:  As  with  other  beta-adrenergic  aerosols,  Serevent 
inhalation  Aerosol  should  not  be  used  In  excess.  Fatalities  have  been  reported  In  association  with 
excessive  use  of  Inhaled  sympathomimetic  drugs.  Large  doses  of  Inhaled  or  oral  salmeterol  (12 
to  20  times  the  recommended  dose)  have  been  associated  with  clinically  significant  prolongation 
of  the  QTc  interval,  which  has  the  potential  for  producing  ventricular  arrhythmias. 

5.  Paradoxical  Bronchosoasm:  As  with  other  inhaled  asthma  medications,  paradoxical 
bronchospasm  (which  can  be  life-threatening)  has  been  reported  following  the  use  of  Serevent 
inhalation  Aerosol.  If  it  occurs,  treatment  with  Serevent  Inhalation  Aerosol  should  be  discontinued 
immediately  and  alternative  therapy  instituted. 

6.  Immediate  Hvoersensitlvltv  Reactions:  Immediate  hypersensitivity  reactions  may  occur  after 
administration  of  Serevent  Inhalation  Aerosol,  as  demonstrated  by  rare  cases  of  urticaria, 
angioedema,  rash,  and  bronchospasm. 

PRECAUTIONS: 

General:  1.  Use  with  Spacer  or  Other  Devices:  The  safety  and  effectiveness  of  Serevent® 

inhalation  Aerosol  when  used  with  a  spacer  or  other  devices  have  not  been  adequately  studied. 

2.  Cardiovascular  and  Other  Effects:  No  effect  on  the  cardiovascular  system  is  usually  seen 
after  the  administration  of  Inhaled  salmeterol  in  recommended  doses,  but  the  cardiovascular  and 
central  nervous  system  effects  seen  with  all  sympathomimetic  drugs  (e.g..  Increased  blood  pres- 
sure, heart  rate,  excitement)  can  occur  after  use  of  Serevent  inhalation  Aerosol  and  may  require 
discontinuation  of  the  drug.  Salmeterol,  like  all  sympathomimetic  amines,  should  be  used  with 
caution  in  patients  with  cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac 
arrhythmias,  and  hypertension:  in  patients  with  convulsive  disorders  or  thyrotoxicosis:  and  in 
patients  who  are  unusually  responsive  to  sympathomimetic  amines. 

As  has  been  described  with  other  beta-adrenergic  agonist  bronchodliators,  clinically  significant 
changes  In  systolic  and/or  diastolic  blood  pressure,  pulse  rate,  and  electrocardiograms  have 
been  seen  infrequently  in  individual  patients  in  controlled  clinical  studies  with  salmeterol. 

3.  Metabolic  Effects:  Doses  of  the  related  beta2-adrenoceptor  agonist  albuterol,  when  adminis- 
tered intravenously,  have  been  reported  to  aggravate  pre-existing  diabetes  meiiltus  and  ketoaci- 
dosis. No  effects  on  glucose  have  been  seen  with  Serevent  Inhalation  Aerosol  at  recommended 
doses.  Administration  of  betaj-adrenoceptor  agonists  may  cause  a  decrease  In  serum  potassi- 
um, possibly  through  intracellular  shunting,  which  has  the  potential  to  increase  the  likelihood  of 
arrhythmias.  The  decrease  is  usually  transient,  not  requiring  supplementation. 

Clinically  significant  changes  in  blood  glucose  and/or  serum  potassium  were  seen  rarely  dur- 
ing clinical  studies  with  long-term  administration  of  Serevent  Inhalation  Aerosol  at  recommended 
doses. 

Information  for  Patients:  See  illustrated  Patient's  Instructions  for  Use.  SHAKE  WELL  BEFORE 
USING.  Patients  should  be  given  the  following  information: 

1 .  Not  for  Use  to  Treat  Acute  Svmotoms:  Serevent  Inhalation  Aerosol  is  not  meant  to  relieve 
acute  asthmatic  symptoms.  Acute  symptoms  should  be  treated  with  an  inhaled,  short-acting 
bronchodllator  that  has  been  prescribed  by  a  physician  for  symptom  relief. 

2.  Do  Not  Exceed  Recommended  Dose:  The  bronchodllator  action  of  salmeterol  usually  lasts 
for  at  least  1 2  hours.  Therefore  it  should  not  be  used  more  often  than  every  1 2  hours. 

3.  Use  with  Other  Medications:  While  using  Serevent  Inhalation  Aerosol,  other  Inhaled  medi- 
cines should  be  taken  only  as  directed  by  the  physician. 

4.  Use  with  Short-Actino.  inhaled  Beta-Aqonists:  While  using  Serevent  inhalation  Aerosol, 
medical  attention  should  be  sought  immediately  if  the  short-acting  bronchodllator  treatment 
becomes  less  effective  for  symptom  relief,  if  more  Inhalations  than  usual  are  needed,  or  If  more 
than  the  maximum  number  of  inhalations  of  short-acting  bronchodllator  treatment  prescribed  for 
a  24-hour  period  are  needed.  If  the  patient  uses  four  or  more  inhalations  per  day  of  a  short-act- 
ing beta2-agonist  on  a  regular  basis,  or  If  more  than  one  canister  (200  inhalations  per  canister)  Is 
used  In  an  8-week  period,  then  the  patient  should  see  the  physician  for  re-evaluation  of  treat- 
ment. 

Patients  should  be  cautioned  regarding  potential  adverse  cardiovascular  effects,  such  as  palpi- 
tations or  chest  pain,  related  to  the  use  of  additional  beta2-agonist. 

5.  Use  of  Systemic  or  Inhaled  Steroids:  Serevent  inhalation  Aerosol  does  not  replace  oral  or 
Inhaled  corticosteroids;  the  dosage  of  these  medicines  should  not  be  changed  and  they  should 
not  be  stopped  without  consulting  the  physician,  even  if  the  patient  feels  better. 

6.  Use  for  Exercise-induced  Bronchospasm:  When  using  Serevent  Inhalation  Aerosol  to  prevent 
exercise-Induced  bronchospasm,  the  dose  should  be  administered  at  least  30  to  60  minutes 
before  exercise. 


Drug  Interactions;  Short-Acting  Beta-Agonists:  In  the  two  3-month,  repetitive-dose  clinical 
trials  (n=184).  the  mean  daily  need  for  additional  beta2-agonist  use  was  1  to  1'/t  inhalations  per 
day,  but  some  patients  used  more.  Eight  percent  of  patients  used  at  least  eight  inhalations  per 
day  at  least  on  one  occasion.  Six  percent  used  9  to  1 2  inhalations  at  least  once.  There  were  1 5 
patients  (8%)  who  averaged  over  four  Inhalations  per  day.  Four  of  these  used  an  average  of  8  to 
11  Inhalations  per  day.  In  these  1 5  patients  there  was  no  observed  Increase  in  frequency  of  car- 
diovascular adverse  events.  The  safety  of  concomitant  use  of  more  than  eight  inhalations  per  day 
of  short-acting  beta2-agonists  with  Serevenf  (salmeterol  xinafoate)  Inhalation  Aerosol  has  not 
been  established,  in  1 5  patients  who  experienced  worsening  of  asthma  while  receiving  Serevent 
inhalation  Aerosol,  nebulized  albuterol  (one  dose  in  most)  led  to  Improvement  In  FEV^  and  no 
Increase  In  occurrence  of  cardiovascular  adverse  events. 

Monoamine  Oxidase  Inhibitors  and  Tricyclic  Antidepressants:  Salmeterol  should  be  adminis- 
tered with  extreme  caution  to  patients  being  treated  with  monoamine  oxidase  Inhibitors  or  tricyclic 
antidepressants  because  the  action  of  salmeterol  on  the  vascular  system  may  be  potentiated  by 
these  agents. 

Corticosteroids  and  Cromoglycate:  in  clinical  trials.  Inhaled  corticosteroids  and/or  Inhaled 
cromolyn  sodium  did  not  alter  the  safety  profile  of  Serevent  inhalation  Aerosol  when  administered 
concurrently. 

Methylxanthlnes:  The  concurrent  use  of  Intravenously  or  orally  administered  methylxanthines 
(e.g.,  aminophylilne,  theophylline)  by  patients  receiving  Serevent  Inhalation  Aerosol  has  not  been 
completely  evaluated,  in  one  clinical  trial,  87  patients  receiving  Serevent  inhalation  Aerosol  42 
meg  twice  daily  concurrently  with  a  theophylline  product  had  adverse  event  rates  similar  to  those 
In  71  patients  receiving  Serevent  inhalation  Aerosol  without  theophylline.  Resting  heart  rates 
were  slightly  higher  In  the  patients  on  theophylline  but  were  little  affected  by  Serevent  Inhalation 
Aerosol  therapy. 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility:  in  an  1 8-month  oral  carcinogenicity 
study  In  CD-mice,  salmeterol  xinafoate  caused  a  dose-related  increase  in  the  Incidence  of 
smooth  muscle  hyperplasia,  cystic  glandular  hyperplasia,  and  leiomyomas  of  the  uterus  and  a 
dose-related  increase  in  the  incidence  of  cysts  In  the  ovaries.  A  higher  Incidence  of  leiomyosarco- 
mas was  not  statistically  significant;  tumor  findings  were  observed  at  oral  doses  of  1 .4  and  1 0 
mg/kg,  which  gave  9  and  63  times,  respectively,  the  human  exposure  based  on  rodent:human 
AUC  comparisons. 

Salmeterol  caused  a  dose-related  increase  in  the  incidence  of  mesovarian  leiomyomas  and 
ovarian  cysts  in  Sprague  Dawley  rats  in  a  24-month  Inhalation/oral  carcinogenicity  study.  Tumors 
were  observed  in  rats  receiving  doses  of  0.68  and  2.58  mg/kg  per  day  (about  55  and  215  times 
the  recommended  clinical  dose  [mg/m2]).  These  findings  in  rodents  are  similar  to  those  reported 
previously  for  other  beta-adrenergic  agonist  drugs.  The  relevance  of  these  findings  to  human  use 
Is  unknown. 

No  significant  effects  occurred  in  mice  at  0.2  mg/kg  (1 .3  times  the  recommended  clinical  dose 
based  on  comparisons  of  the  AUCs)  and  in  rats  at  0.21  mg/kg  (1 5  times  the  recommended  clini- 
cal dose  on  a  mg/m^  basis). 

Salmeterol  xinafoate  produced  no  detectable  or  reproducible  Increases  in  microbial  and  mam- 
malian gene  mutation  In  vitro.  No  biastogenic  activity  occurred  In  vitro  in  human  lymphocytes  or 
In  vivo  In  a  rat  micronucieus  test.  No  effects  on  fertility  were  identified  In  male  and  female  rats 
treated  orally  with  salmeterol  xinafoate  at  doses  up  to  2  mg/kg  orally  (about  1 60  times  the  rec- 
ommended clinical  dose  on  a  mg/m2  basis). 

Pregnancy:  Teratogenic  Effects:  Pregnancy  Category  C:  No  significant  effects  of  maternal 
exposure  to  oral  salmeterol  xinafoate  occurred  In  the  rat  at  doses  up  to  the  equivalent  of  abput 
160  times  the  recommended  clinical  dose  on  a  mg/m?  basis.  Dutch  rabbit  fetuses  exposed  to 
salmeterol  xinafoate  in  utero  exhibited  effects  characteristically  resulting  from  beta-adrenoceptor 
stimulation;  these  included  precocious  eyelid  openings,  cleft  palate,  sternebrai  fusion,  limb  and 
paw  flexures,  and  delayed  ossification  of  the  frontal  cranial  bones.  No  significant  effects  occurred 
at  0.6  mg/kg  given  orally  (1 2  times  the  recommended  clinical  dose  based  on  comparison  of  the 
AUCs). 

New  Zealand  White  rabbits  were  less  sensitive  since  only  delayed  ossification  of  the  frontal 
bones  was  seen  at  1 0  mg/kg  given  orally  (approximately  1 ,600  times  the  recommended  clinical 
dose  on  a  mg/m2  basis).  Extensive  use  of  other  beta-agonists  has  provided  no  evidence  that 
these  class  effects  in  animals  are  relevant  to  use  in  humans.  There  are  no  adequate  and  well- 
controlled  studies  with  Serevent  inhalation  Aerosol  in  pregnant  women.  Serevent  inhalation 
Aerosol  should  be  used  during  pregnancy  only  If  the  potential  benefit  justifies  the  potential  risk  to 
the  fetus. 

Use  In  Labor  and  Delivery:  There  are  no  well-controlled  human  studies  that  have  Investigated 
effects  of  salmeterol  on  preterm  labor  or  labor  at  term.  Because  of  the  potential  for  beta-agonist 
interference  with  uterine  contractility,  use  of  Serevent  Inhalation  Aerosol  during  labor  should  be 
restricted  to  those  patients  In  whom  the  benefits  clearly  outweigh  the  risks. 
Nursing  Mothers:  Plasma  levels  of  salmeterol  after  Inhaled  therapeutic  doses  are  very  low  (85  to 
200  pg/ml)  In  humans.  In  lactating  rats  dosed  with  radiolabeled  salmeterol,  levels  of  radioactivity 
were  similar  in  plasma  and  milk,  in  rats,  concentrations  of  salmeterol  In  plasma  and  milk  were 
similar.  The  xinafoate  moiety  Is  also  transferred  to  milk  in  rats  at  concentrations  of  about  half  the 
corresppnding  level  In  plasma.  However,  since  there  is  no  experience  with  use  of  Serevent 
inhalation  Aerosol  by  nursing  mothers,  a  decision  should  be  made  whether  to  discontinue  nursing 
or  to  discontinue  the  drug,  taking  Into  account  the  Importance  of  the  drug  to  the  mother.  Caution 
should  be  exercised  when  salmeterol  xinafoate  Is  administered  to  a  nursing  woman. 
Pediatric  Use:  The  safety  and  effectiveness  of  Serevent  Inhalation  Aerosol  in  children  younger 
than  12  years  of  age  have  not  been  established. 

Geriatric  Use:  Of  the  total  number  of  patients  who  received  Serevent  Inhalation  Aerosol  In  all 
clinical  studies,  241  were  65  years  and  older.  Geriatric  patients  (65  years  and  older)  with 
reversible  obstructive  ainway  disease  were  evaluated  in  four  well-controlled  studies  of  3  weeks' 
to  3  months'  duration.  Two  placebo-controlled,  crossover  studies  evaluated  twice-daily  dosing 
with  salmeterol  for  21  to  28  days  in  45  patients.  An  additional  75  geriatric  patients  were  treated 
with  salmeterol  for  3  months  in  two  large  parallel-group,  muitlcenter  studies.  These  1 20  patients 
experienced  increases  In  AM  and  PM  peak  expiratory  flow  rate  and  decreases  in  diurnal  variation 
in  peak  expiratory  flow  rate  similar  to  responses  seen  in  the  total  populations  of  the  two  latter 
studies.  The  adverse  event  type  and  frequency  in  geriatric  patients  were  not  different  from  those 
of  the  total  populations  studied. 

No  apparent  differences  in  the  efficacy  and  safety  of  Serevent  inhalation  Aerosol  were 
observed  when  geriatric  patients  were  compared  with  younger  patients  in  clinical  trials.  As  with 
other  beta2-agonlsts,  however,  special  caution  should  be  observed  when  using  Serevent 
Inhalation  Aerosol  In  elderly  patients  who  have  concomitant  cardiovascular  disease  that  could  be 
adversely  affected  by  this  class  of  drug.  Based  on  available  data,  no  adjustment  of  salmeterol 
dosage  In  geriatric  patients  is  warranted. 

ADVERSE  REACTIONS:  Adverse  reactions  to  salmeterol  are  similar  In  nature  to  reactions  to  other 
selective  beta2-adrenoceptor  agonists,  i.e.,  tachycardia;  palpitations:  Immediate  hypersensitivity 
reactions,  including  urticaria,  angioedema,  rash,  bronchospasm  (see  WARNINGS);  headache; 
tremor;  nervousness;  and  paradoxical  bronchospasm  (see  WARNINGS). 

Two  muitlcenter,  1 2-week,  controlled  studies  have  evaluated  twice-daily  doses  of  Serevenf 
inhalation  Aerosol  In  patients  1 2  years  of  age  and  older  with  asthma.  The  following  table  reports 
the  incidence  of  adverse  events  in  these  two  studies. 


Serevent*  (salmeterol  xinafoate)  Inhalation  Aerosol 

Adverse  Experience  Incidence  In  Two  Lerge  12-Week  Clinical  Trials* 


Adverse  Event  Type 

Percent  of  Patients                                | 

Placebo 

Serevent 

Albuterol 

n=l87 

42mcgbJ.d.  n=184 

I80mcgq.l,d,n=185 

Ear.  nose,  and  throat 

Upper  respiratory 

tract  infection 

13 

14 

16- 

Nasopharyngitis 

12 

14 

11 

Disease  of  nasal 

cavlty/slnus 

4 

1 

Sinus  headache 

2 

<1 

Gastrointestinal 

Stomachache 

0 

0 

Neurological 

Headache 

23 

28 

27 

Tremor 

2 

3 

Respiratory 

Cough 

6 

3 

Lower  respiratory 

Infection 

2 

2 

8  classified  as  serious  was  one  case  of  upper  respiratory  tract  infection  in  a  patient 


The  table  above  Includes  all  events  (whether  considered  drug  related  or  nondrug  related  by  the 
investigator)  that  occurred  at  a  rate  of  over  3%  in  the  Serevenf  (salmeterol  xinafoate)  Inhalation 
Aerosol  treatment  group  and  were  more  common  in  the  Serevent  inhalation  Aerosol  group  than  In 
the  placebo  group. 

Pharyngitis,  allergic  rhinitis,  dizziness/giddiness,  and  influenza  occurred  at  3%  or  more  but 
were  equally  common  on  placebo.  Other  events  occurring  in  the  Serevent  Inhalation  Aerosol 
treatment  group  at  a  frequency  of  1  %  to  3%  were  as  follows: 

Cardiovascular:  Tachycardia,  palpitations. 

Ear,  Nose,  and  Throat  Rhinitis,  laryngitis. 

Gastrointestinal:  Nausea,  viral  gastroenteritis,  nausea  and  vomiting,  diarrhea,  abdominal 

pain. 

Hypersensitivity:  Urticaria. 

Mouth  and  Teeth:  Dental  pain. 

Musculoskeletal:  Pain  in  joint,  back  pain,  muscle  cramp/contraction,  myalgia/myositis, 

muscular  soreness. 

Neurological:  Nervousness,  malaise/fatigue. 

/?8sp/rsto/y;Tracheltls/bronchitls. 

S*/n;  Rash/skin  eruption. 

Urogenital:  Dysmenorrhea. 

In  small  dose-response  studies,  tremor,  nervousness,  and  palpitations  appeared  to  be  dose 
related. 

OVERDOSAGE:  Overdosage  with  salmeterol  may  be  expected  to  result  in  exaggeration  of  the 
pharmacologic  adverse  effects  associated  with  beta-adrenoceptor  agonists,  including  tachycar- 
dia and/or  arrhythmia,  tremor,  headache,  and  muscle  cramps.  Overdosage  with  salmeterol  can 
lead  to  clinically  significant  prolongation  of  the  QIq  interval,  which  can  produce  ventricular 
arrhythmias.  Other  signs  of  overdosage  may  include  hypokalemia  and  hyperglycemia. 

In  these  cases,  therapy  with  Serevenf  inhalation  Aerosol  and  all  beta-adrenerglc-stimulant 
drugs  should  be  stopped,  supportive  therapy  provided,  and  judicious  use  of  a  beta-adrenergic 
blocking  agent  should  be  considered,  bearing  in  mind  the  possibility  that  such  agents  can  pro- 
duce bronchospasm.  Cardiac  monitoring  is  recommended  in  cases  of  overdosage. 

As  with  ail  sympathomimetic  pressurized  aerosol  medications,  cardiac  arrest  and  even  death 
may  be  associated  with  abuse  of  Serevent  inhalation  Aerosol. 

Rats  and  dogs  survived  the  maximum  practicable  Inhalation  doses  of  salmeterol  of  2.9  and  0.7 
mg/kg,  respectively.  The  maximum  noniethal  oral  doses  In  mice  and  rats  were  approximately 
1 50  mg/kg  and  >1 .000  mg/kg,  respectively. 

Dialysis  Is  not  appropriate  treatment  for  overdosage  of  Serevent  Inhalation  Aerosol. 


Men&Hanburys 

Research  Triangle  Park,  NC  27709 


September  1994 
RL-137 


Retoronce:  1.  Data  on  file.  Glaxo  Inc. 


Allen  &Hanburys  ^  Glaxo  Pharmaceuticak 


By  Tony  DalNogare,  MD 

ARDS  was  originally  described  in 
1967  and  has  since  undergone  much 

scrutiny.  This  review  of  ARDS 
discusses  the  latest  developments  in 

risk  factors  and  treatment.  Also 
covers  the  5  diagnostic  criteria  that 
must  be  present  to  make  an  accurate 

diagnosis  of  ARDS,  including 

clinical,  radiographic,  and 

physiologic  criteria. 
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Effect  of  Nitrogen  Dioxide  and  Sulphur  Dioxide  on  Airway  Response  of  Mild  Astlimatic 
Patients  to  Allergen  Inhalation— JL  Devalia.  C  Rusznak,  MJ  Herdman,  CJ  Trigg,  H  Tarraf,  RJ 
Davies.  Lancet  1994;344:1668-1671. 

Error  in  Medicine— LL  Leape.  JAMA  1 994:272: 1 85 1  - 1 860. 

Further  Recommendations  for  Prescribing,  Reimbursement.  Technology  Development,  and 
Research  in  Long-Term  Oxygen  Therapy— TL  Petty  and  WJ  O'Donohue  Jr.  Am  J  Respir  Crit  Care 
Med  1994;150:875-877. 


Airways  Obstruction  from  Asbestos  Exposure: 
Effects  of  Asbestosis  and  Smoking — KH 

KUbum.  RH  Warshaw.  Chest  1 994;  1 06: 1 06 1 . 

OBJECTIVE:  To  define  the  apparent  steps  in  de- 
veloping airways  obstruction  vs  restrictive  lung 
disease  in  men  exposed  to  asbestos  for  more  than 
20  years  who  had  never  smoked  vs  cigarette 
smokers.  DESIGN:  Physiologic  signs  of  asbesto- 
sis were  studied  in  cross-sectional  age-matched 
groups  of  never,  current,  and  ex-cigarette  smoking 
workers.  SETTING  AND  PARTICIPANTS:  The 
study  included  8,720  asbestos-exposed  construc- 
tion and  shipyard  workers  in  the  United  States. 
MEASUREMENTS:  FVC,  FEV,,  FEF15.75.  and 
FEFvs^s  were  measured  by  spirometry  and  total 
limg  capacity  (TLC)  by  planimetry  of  standard 
chest  radiographs  and  adjusted  for  height,  age,  and 
duration  of  cigarette  smoking  and  expressed  as 
percentage  of  predicted.  TLC  minus  FVC  yielded 
RV.  We  compared  means  and  mean  residuals 
(measurement  minus  group  mean)  expiratory 
flows  and  lung  volumes  in  1,146  men  with  pul- 
monary asbestosis  age-matched  to  1,146  without 
asbestosis  who  had  similar  durations  of  asbestos 
exposure  and  to  370  men  without  a.sbestos  expo- 
sure. Next,  flows  and  volumes  were  regressed 
against  the  Intemational  Labour  Office  fILO)  pro- 
fiuion  scale  of  irregular  opacities  on  chest  radio- 
graphs (PIO)  and  the  duration  of  asbestos  expo- 
sure for  1,777  never  smokers  (NS),  4,550  current 
smokers,  and  2,393  ex-smokers.  RESULTS: 
Asbestos  exposure  in  NS  men  decreased  expirato- 
ry flows  and  increased  TLCs  compared  with  unex- 
posed NS  men.  Further  reductions  in  flows  and 
I^C  and  increases  in  RV/TLC  with  radiographic 
asbestosis  were  not  statistically  significant  As  the 
PIO  increased  ftum  1/1  to  3/3,  obstruction  and  air 
trapping  increased  significandy  but  TLC  did  not. 
CONCLUSIONS:  Asbestos  exposure  reduced 
flows  and  produced  air  trapping  after  20  years  in 
workers  who  never  smoked.  Smoking  increased 
these  abnonmalities. 


A  Characteristic  Change  in  Ventilation  Mode 
during  Exertional  Dyspnea  in  Patients  with 
Chronic  Heart  Failure — H  Yokoyama.  H  Sato. 
M  Hon,  H  Takeda,  T  Kamada.  Chest  1994: 
106:1007. 

Although  exertional  dyspnea  is  an  important 
symptom  limiting  daily  lives  in  patients  witii 
chronic  heart  failure,  there  is  no  objective  assess- 
ment of  tills  symptom.  To  characterize  the  exer- 
tional dyspnea,  ventilatory  responses  to  exercise 
were  studied  in  relation  to  exertional  dyspnea. 
Gas  exchange  data  were  obtained  during  a  maxi- 
mal bicycle  exercise  in  43  patient.s  with  chronic 
heart  failure  and  20  normal  subjects.  In  addition 
to  standard  ventilatory  variables,  the  ventilation 
mode  was  assessed  from  the  tidal  volume- ventila- 
tion rate  (Vf-f)  relationship.  The  exercise  was 
performed  again  after  sublingual  adminisD^tion 
of  5  mg  of  isosorbide  dinitrate.  In  normal  subjects, 
tiie  f  and  Vj  increased  almost  proportionally  with 
exercise  intensity.  In  17  (85%)  of  20  patients  with 
exertional  dyspnea,  the  \-j-f  relationship  abruptly 
lost  linearity  at  the  onset  of  exertional  dyspnea. 
This  change  resulted  from  an  inadequate  increase 
in  Vt  and  a  further  increase  in  f  In  8  of  these  17 
patients,  isosorbide  dinitrate  improved  exertional 
dyspnea  with  normalization  of  the  V-j-f  relation- 
ship; however,  in  9  patients  whose  dyspnea  was 
not  improved,  tiie  abnormal  V-pf  relationship  was 
unaltered.  Only  2  (9% )  of  23  patients  without  ex- 
ertional dyspnea  showed  the  abnormal  Vj-f  rela- 
tionship. Otiier  ventilatory  variables  were  not  dif- 
ferent between  patients  with  and  without  dysp- 
nea. Thus,  exertional  dyspnea  is  characterized  by 
simultaneous  appearance  of  rapid  and  shallow 
ventilation.  The  Vy-f  relationship  appears  to  be  a 
simple  and  useful  objective  assessment  of  exer- 
tional dyspnea  in  patients  with  chronic  heart  fail- 


Effect  of  Disodium  Cromoglycate  on 
Ventilation  and  Gas  Exchange  during  Exercise 
in  Asthmatic  Children  with  a  Postexertion 


FEVi  FaU  Less  Than  15  Percent— A  Baraldi,  P 
Santuz,  G  Magagnin,  M  Filippone,  F  Zacchello. 
Chest  1994:106:1083. 

The  purpose  of  this  study  is  to  evaluate  the  effect 
of  disodium  cromoglycate  (DSCG)  on  gas  ex- 
change and  ventilation  during  incremental  exercise 
in  a.sthmatic  children  with  an  FEV|  fall  less  than 
15%  from  the  baseline  after  the  exercise. 
Seventeen  children  (aged  8  to  14  years)  with  a  his- 
tory of  mild  to  moderate  asthma  but  no  clinical  and 
spirometric  evidence  of  exercise-induced  asthma 
(EIA)  underwent  two  maximal  exercise  tests  in  a 
randomized  order:  test  A  without  premedication 
and  test  B  after  inhalation  of  DSCG,  40  mg.  To 
evaluate  die  effect  of  DSCG  on  normal  airways, 
nine  healthy  children  performed  the  same  exercise 
protocol.  Pulmonary  function  was  normal  at  rest 
and  after  treadmill  exercise  test  (the  mean  postex- 
ercise  fall  in  FEV|  was  5.9%  in  test  A  and  1 .5%  in 
test  B).  Gas  exchange,  minute  ventilation  (Vg), 
and  heart  rate  (HR)  were  monitored  during  run- 
ning in  both  tests.  In  the  astiimatic  subjects,  there 
were  no  differences  in  oxygen  uptake  (Vqi).  car- 
bon dioxide  output  (Vcoi).  and  Ve  at  rest  between 
the  two  tests.  During  exercise,  Vg,  Vq;,  Vco;,  and 
energy  cost  (EC  [Oi  mL  ■  kg"'  ■  m"']),  of  ninning 
in  die  asthmatic  subjects  were  significantiy  lower 
in  test  B  than  in  test  A  (analysis  of  variance,  p  < 
0.01)  for  comparable  work  rates.  Maximal  minute 
ventilation  (VEma.,)  was  significantiy  higher  in  test 
A  (46.9  ±  14.6  [±SD]  L  •  min')  tiian  in  test  B 
(43.2  ±  14  L  •  min'';  p  <  0.05).  We  found  no  sig- 
nificant effect  of  DSCG  on  gas  exchange  and  ven- 
tilation during  exercise  in  the  healthy  children 
(Vemax  47.8  ±  25  and  48.4  ±  25  L  •  min"'  in  test  A 
and  B,  respectively).  In  conclusion,  premedication 
with  DSCG  appears  to  decrease  the  ventilatory 
cost  of  exercise  in  asthmatic  children  who  do  not 
present  a  substantial  fall  in  FEVi  after  an  exercise 
test  without  pretreatment. 


Efficacy  of  a  New   Full  Face  Mask  for 
Noninvasive  Positive  Pressure  Ventiation — GJ 
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Criner,  JMTravaline,  KJBrennan,  DT  Kreimer. 
Chest  1994:106:1 109, 

Previous  studies  have  shown  that  noninvasive  posi- 
tive pressure  ventilation  (NPPV)  improves  gas  ex- 
change in  acute  and  chronic  respiratory  failure. 
However,  some  patients  are  unable  to  tolerate 
NPPV  due  to  air  leaks  around  the  mask,  facial  dis- 
comfort, and  claustrophobia.  A  new  mask  that  cov- 
ers the  entire  face  (Total.  Respironics.  Monroeville 
PA),  attempts  to  overcome  these  obstacles.  We 
studied  the  efficacy  of  NPPV  via  the  Total  face 
mask  (TFM)  in  nine  patients  with  chronic  respirato- 
ry failure.  In  three  patients,  respiratory  failure  was 
due  to  chronic  obstructive  lung  disease,  and  in  six 
patients,  it  was  secondary  to  restrictive  disorders. 
None  of  the  patients  were  previously  able  to  tolerate 
NPPV  via  nasal  (N)  or  nasal-oral  (NO)  masks.  At 
baseline,  all  patients  had  impaired  gas  exchange 
with  low  PaO:/Fio:  (241  ±  14),  elevated  Paco:  (79 
-  5  mm  Hg),  and  poor  functional  status  (1.89  ± 
1 .45,  on  a  scale  of  1  to  7).  After  NPPV  in  the  hospi- 
tal for  7. 1  ±  1 .5  h  per  night  for  22  ±  26  days,  the 
PaCO:  feU  to  59  ±  3  mm  Hg,  and  the  Pao.VFio:  rose 
to  604  ±  27.  Following  nocturnal  NPPV  via  the 
TFM  for  6.7  ±  1.5hanight6  ±  5  weeks  after  hos- 
pital discharge,  sustained  improvements  in  Paco: 
(58  ±  3  mm  Hg,  p  <  0.05),  Pao.VFio:  (304  ±  18), 
and  functional  status  (5.38  ±  1.06,  p  <  0.05)  were 
obsei^'ed.  In  four  patients,  meastirements  of  respira- 
tory rate,  tidal  volume,  minute  ventilation,  dyspnea, 
discomfort  with  the  face  mask,  and  mask  and  mouth 
leaks  were  made  during  30-min  sessions  of  NPPV 
applied  at  constant  levels  via  all  three  masks  (N, 
NO,  TFM).  Discomfort  with  the  face  mask  (0.38  ± 
0.18  vs  1.44  ±  0.34  vs  2.38  ±  0.32.  p  <  0.05)  and 
mask  leaks  (0.44  ±  0. 1 8  vs  1 .89  ±  0.39  vs  1 .89  ± 
0.35.  p  <  0.05)  were  least  during  NPPV  via  TFM 
compared  with  the  N  or  NO  masks,  respectively. 
Moreover,  expired  tidal  volume  was  highest  (804  ± 
1 0  vs  498  ±  9  vs  537  i  1 3  mL.  p  <  0.05 )  and  Paco; 
lowest  (5 1  ±  2  vs  57  ±  2  vs  58  ±  3.  p  <  0.05)  dur- 
ing NPPV  via  the  TFM  compared  with  N  or  NO 
masks.  We  conclude  that  NPPV  delivered  via  a 
Total  mask  ensures  a  comfortable,  stable  patient- 
mask  interface  and  improves  gas  exchange  in  se- 
lected patients  intolerant  of  more  conventional  N  or 
NO  masks. 

Assessment  of  the  Validity  and  Utility  of  a  Sleep- 
Symptom  Questionnaire — K  Kump,  C  Whalen, 
PV  Tishler,  I  Browner.  V  Ferrene,  KP  Strohl,  C 
Rosenberg.  S  Redline.  Am  J  Respir  Crit  Care 
Med  1994:150:735. 

Although  quesuonnaires  have  been  developed  to  as- 
sess symptoms  of  obstructive  sleep  apnea  (OSA), 
their  overall  reliability  and  utility  have  not  been  es- 
tablished. We  have  evaluated  the  ability  of  a  ques- 
tionnaire to  identify  increased  apnea  activity  (lAA) 
in  465  participants  in  an  epidemiologic  study  of 
OSA.  Subjects  and  their  niommates  each  completed 
a  questionnaire  and  underwent  in-home  sleep  stud- 


ies. Responses  to  56  questions  about  sleep  habits, 
sleepiness,  and  daytime  performance  were  analyzed 
with  factor  analysis,  logistic  regression,  and  receiv- 
er-operator curves  (R(Xs).  Factor  analysis  demon- 
strated that  16  questions,  grouped  into  five  factors 
(functional  impact  of  sleepiness,  self-reported 
breathing  disturbances,  roommate-observed  breath- 
ing disturbances,  driving  impairment,  and  insom- 
nia) explained  67%  of  the  variance  in  the  question- 
naire data.  Symptom  questions  demonstrated  inter- 
nal consistency  (Cronbach  correlations:  0.91  to 
0.98).  Moderate  levels  of  agreement  were  observed 
between  self-  and  roommate-reported  responses  for 
nine  of  ten  questions  asked  of  both  the  subject  and 
his/her  partner  (kappa  statistics:  0.34  to  0.57). 
Logistic  regression  analysis  demonstrated  that  lAA 
could  be  best  predicted  by  three  questions  about  in- 
tensity of  snoring,  roommate-observed  choking, 
and  having  fallen  asleep  while  driving  (ROC  area: 
0.78).  Use  of  symptoms  with  data  on  gender  and 
body  mass  index  (BMD  improved  predictive  ability 
by  10%  (ROC  area:  0.87).  Thus,  questionnaire  data 
provide  a  valid  means  of  characterizing  symptom 
distributions  in  population  surveys  of  OSA. 
Predictive  ability  is  not  significantly  improved  with 
multiple  questions  or  a  separate  roommate  question- 
naire, but  is  improved  with  consideration  of  data  on 
BMI  and  gender. 

Effects  of  6  Weeks  of  Therapy  with  Oral  Doses 
of  ICI  204,219,  a  Leukotriene  D4  Receptor 
Antagonist,  in  Subjects  with  Bronchial 
Asthma — SL  Spector,  U  Smith,  M  Glass,  and  the 
ACCOLATE  Asthma  Trialists  Group.  Am  J  Respir 
Crit  Care  Med  1994:150:618. 

The  efficacy  of  6  wk  of  tiierapy  with  oral  ICI 
204,2 1 9,  a  selective  leukotriene  D4  (LTD4)  receptor 
antagonist,  was  evaluated  in  subjects  with  moderate 
asthma  during  a  multicenter,  double-blind,  random- 
ized, placebo-controlled,  dose-ranging  study. 
Subjects  who  entered  the  trial  had  been  chronically 
treated  for  asthma  with  agonist  alone  or  in  combina- 
tion with  theophylline.  Subjects  were  randomized  to 
treatment  with  twice  daily  doses  of  ICI  2{M,219  (5, 
10,  or  20  mg)  or  placebo  if  they  had  an  FEV|  be- 
tween 40  and  75%  of  predicted  values  without  bron- 
chodilator  therapy  and  a  daytime  a.sthma  score  >  10 
(range  0  to  2 1  per  wk)  for  7  consecutive  d.  Efficacy 
was  evaluated  from  the  results  of  symptom  assess- 
ments, pulmonary  function  tests,  and  rescue  medi- 
cation use.  Of  276  subjects  randomized  to  treat- 
ment, 266  ( 10  mg,  n  =  66: 20  mg,  n  =  67: 40  mg,  n  = 
67:  placebo,  n  =  66)  were  analyzed  for  efficacy. 
Diary  card  assessments  showed  that  treatment  with 
increasing  doses  of  ICI  204,219  linearly  improved 
five  efficacy  criteria  without  increasing  the  number 
or  severity  of  adverse  events.  The  40  mg  dose  was 
more  effective  than  placebo  (p  <  0.05)  in  reducing 
nighttime  awakenings,  first  morning  asthma  symp- 
toms, the  daytime  asthma  score,  and  albuterol  use 
and  in  increasing  evening  peak  expiratory  flow 
(PEF)  rates  as  well  as  FEV|.  Compared  with  base- 


line measurements,  the  40  mg  dose  decreased 
awakenings  by  46%,  albuterol  use  by  30%c,  and 
daytime  symptoms  by  26%:  and  increased  FEV|  by 
11%;.  ICI  204,219  improves  objective  and  subjec- 
tive measures  of  asthma  severity  in  moderately  ill 
asthmatic  subjects  and  may  provide  a  new  treatment 
option  for  the  disease. 

Performance  of  a  Patient-Dedicated,  On- 
Demand  Blood  Gas  Monitor  in  Medical  ICU 
Patients— CK  Mahutte,  SA  Sasse,  PA  Chen,  M 
Holody.  Am  J  Respir  Crit  Care  Med  1994:150:865. 

We  examined  the  performance  characteristics  of  a 
new  bedside  blood  gas  monitor.  This  monitor's  fluo- 
rescent pH,  Pco2,  and  Pq;  sensors  are  embedded  in  a 
cassette,  which  is  calibrated  in  vitro  and  then  insert- 
ed into  the  patient's  radial  artery  tubing  set  In  50 
medical  ICU  patients,  683  paired  monitor  and  con- 
ventional blood  gas  analyzer  values  were  obtained. 
Performance  was  assessed  via  calculations  of  bias 
(mean  monitor  and  analyzer  difference)  and  its  stan- 
dard deviation  (SD),  plots  of  monitor  and  analyzer 
differences  against  the  means  (of  monitor  and  ana- 
lyzer), and  linear  regression  analysis  of  the  sequen- 
tial changes  in  monitor  values  versus  the  corre- 
sponding sequential  changes  in  analyzer  values.  The 
ex  vivo  calibration,  assessed  using  the  initial  paired 
blood  samples,  showed  a  bias  -t-  SD  of  0.02  ±  0.02 
for  pH,  -0. 1  ±  1 .9  mm  Hg  for  Pco;.  and  4.3  ±  6.0 
mm  Hg  for  Pq;.  For  all  paired  samples  (n  =  683),  the 
biases  ±  SD  were  0.004  ±  0.023  for  pH,  0.6  ±  2.4 
mm  Hg  for  Pcoi.  and  2.7  ±  6.4  mm  Hg  for  Pco;. 
The  Pq;  bias  increased  as  Pq;  increased.  The  stan- 
dard deviations  (impr;cision)  of  both  Pco;  and  P02 
also  increased  as  the  magnitudes  of  these  variables 
increased.  Sequential  changes  in  monitor  values 
versus  tiie  corresponding  sequential  changes  in  ana- 
lyzer values  revealed  regression  lines  close  to  the 
line  of  identity.  Serum  sodium  had  no  effect  on  pH 
bias.  Daily  drift  of  the  sensors  was  inconsequential, 
with  values  of  -O.OI/d  for  pH,  1.7  mm  Hg/d  for 
Pco;.  and  I.I  mm  Hg/d  for  Pq;.  We  conclude  that 
the  performance  of  this  monitor  is  comparable  to 
that  of  conventional  blood  gas  analyzers. 

Spontaneous  Gasping  during  Cardiopulmonary 
Resuscitation  without  Mechanical  Ventilation — 

M  Noc,  MH  Weil,  S  Sun.  W  Tang,  J  Bisera  Am  J 
Respir  Crit  Care  Med  1 994: 1 50:86 1 . 

Spontaneous  gasping  is  frequently  observed  dur- 
ing cardiac  arrest,  especially  when  mechanical 
ventilation  is  withheld  during  precordial  com- 
pression. We  related  spontaneous  gasping  to  pul- 
monary gas  exchange  and  cardiac  resuscitability 
in  a  rodent  model  of  cardiac  arrest.  Venuicular 
fibrillation  was  electrically  induced  in  15 
Sprague-Dawley  rats.  After4  min  untfeated  \'en- 
tricular  fibrillation,  precordial  compression  was 
initiated.  Coronary  perfusion  pressure  was  main- 
tained between  25  and  30  mm  Hg.  Oxygen  was 
supplied  at  the  tracheal  tube  port  coincident  with 
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start  of  precordial  compression  in  10  animals. 
Five  additional  control  animals  were  identically 
treated  except  they  were  mechanically  ventilated 
coincident  with  start  of  precordial  compression. 
After  6  min  precordial  compression,  defibrilla- 
tion was  attempted  and  five  of  10  nonvenulated 
animals,  and  all  control  animals,  were  resuscitat- 
ed by  direct  current  countershock.  In  the  success- 
fully resuscitated,  nonventilated  animals,  the  fre- 
quency of  spontaneous  gasping  during  precordial 
compression  progressively  increased  to  an  aver- 
age of  19  gasps/min  but  it  was  <  6  gasps/min  in 
nonresuscitated  animals.  More  frequent  gasping 
was  associated  with  correspondingly  greater  ar- 
terial Pco;  (110  versus  5 1  mm  Hg,  p  <  0.0 1 )  and 
lesser  Pcoi  (55  versus  91  mm  Hg,  p  <  0.01).  In 
control  animals,  no  spontaneous  gasping  was  ob- 
served during  precordial  compression,  Arterial 
Poi  and  Pco:  of  mechanically  ventilated  animals 
was  more  like  that  of  spontaneously  gasping  rats. 
Accordingly,  the  frequency  of  spontaneous  gasp- 
ing in  absence  of  mechanical  ventilation  is  pre- 
dictive of  cardiac  resuscitation  success  and  asso- 
ciated with  improved  arterial  oxygenation  and 
CO2  removal. 


Air  Pollution  and  Hospital  Admissions  for  the 
Elderly  in  Detroit,  Michigan — J  Schwartz.  Am  J 
Respir  Crit  Care  Med  1 994;  1 50:648. 

Several  studies  in  recent  years  have  suggested  that 
exposure  to  airborne  particles  and  to  ozone  are  asso- 
ciated with  increases  in  respiratory  hospital  admis- 
sions. Few  of  those  studies  have  used  inhalable  par- 
ticles as  their  measure  of  exposure,  and  the  studies 
did  not  always  examine  both  particle  and  ozone  ex- 
posure, This  study  examined  the  association  be- 
tween both  PM 10  and  ozone  and  respiratory  hospital 
admissions  for  persons  65  yr  of  age  and  older  in  the 
Detroit,  Michigan,  metropolitan  area  during  the 
years  1986  to  1989.  After  controlling  for  seasonal 
and  other  long-term  temporal  trends,  temperature, 
and  dew  point  temperature,  both  PMio(RR=  1.012, 
95%  CI  =  1.019-1.004)  and  24-h  ozone  concentra- 
tions (RR  =  1  .026, 95%  CI  =  1 .040- 1 .0 1 3)  were  as- 
sociated with  daily  admissions  for  pneumonia.  The 
relative  risks  are  for  a  10-;u.g/m'  increase  in  PMio 
and  a  5-ppb  increase  in  24-h  ozone  concentration 
and  from  models  including  both  pollutants. 
Admissions  for  COPD  other  than  asthma  were  as- 
sociated with  PMio  (RR  =  1.020, 95%  CI  =  1.032- 
1.009)  and  ozone  (RR  =  1.028,  95%  CI  =   1.049- 


1 .007)  as  well.  Asthma  admissions  were  not  associ- 
ated with  either  pollutant  Controlling  for  one  pollu- 
tant did  not  affect  the  magnitude  of  the  association 
with  the  otiier  pollutant.  The  magnitude  of  these  rel- 
ative risks  is  very  similar  to  those  recentiy  reported 
in  Birmingham,  Alabama,  Ontario,  and  New  York 
State.  This  suggests  that  the  associations  with  both 
pollutants  are  likely  to  be  causal. 
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Foreword 


The  Diamond  Conference  Special  Issue: 
A  Tradition  of  Excellence 


Your  Journal,  RESPIRATORY  Care,  is  pleased  to  present 
this  special  issue  based  on  the  proceedings  of  the  Arkansas 
Children's  Hospital's  1994  Diamond  Conference — a  region- 
al 2-day  conference  planned  and  implemented  by  the 
Department  of  Respiratory  Care  Services,  with  more  than 
300  practitioners  from  throughout  the  southeast  quadrant  of 
the  country  attending.  In  the  pages  that  follow,  review  arti- 
cles based  on  conference  presentations  by  leaders  in  pediatric 
and  neonatal  respiratory  medicine;  original  research  articles 
based  on  abstracts  presented  during  the  conference  (many 
also  presented  during  the  1993  OPEN  FORUM);  editorials  by 
Guest  Editor,  Dr  Robert  H  Warren,  Chief  of  Pulmonary 
Medicine  at  Arkansas  Children's  Hospital  (ACH),  and  by  Dr 
Betty  Lowe,  President  of  the  American  Academy  of 
Pediatrics  and  Medical  Director,  Arkansas  Children's 
Hospital;  and  book  reviews  and  Features  by  members  of  the 
Department  of  Respiratory  Care  and  by  faculty  in  Pulmonary 
Medicine  are  presented. 

Respiratory  Care  has  offered  three  previous  special  is- 
sues— two  based  on  original  research  emanating  from  a  sin- 
gle institution — York  Hospital,  York,  Pennsylvania,'  Har- 
borview  Medical  Center,  Seattle,  Washington,^  and  and  one 
city-based  issue  from  Cincinnati,  Ohio.^  This  ACH  special 
issue  is  unique  because  all  the  material  is  drawn  from  the 
Diamond  Conference  with  contributions  from  various  insti- 
tutions and  cities.  The  state  of  the  art  in  airway  management, 
high-frequency  ventilation  and  extracorporeal  membrane 
oxygenation,  invasive  and  noninvasive  mechanical  ventila- 
tion, an  overview  of  respiratory  inductive  plethysmography 
in  infants,  and  use  of  steroids  in  the  treatment  of  asthma — all 
directed  toward  the  care  of  neonates  and  children — are  in- 
cluded. Information  such  as  this  cannot  help  but  enhance  the 
practice  of  neonatal  and  pediatric  respiratory  care  practition- 
ers and  provide  solid  background  for  others. 

While  planning  this  issue,  Pat  Brougher,  Bob  Warren,  and 
I  laid  the  ground  rules  for  contributors.  Each  submission  was 


subjected  to  blind  peer  review  with  review  papers  judged  for 
content  and  balance  and  original  research  judged  for  validity 
and  clinical  applicability.  We  solicited  book  reviews. 
Features,  editorials,  and,  yes,  even  photographs  to  give  you 
the  'flavor'  of  the  ACH  experience. 

In  May,  1995,  the  Diamond  Conference  comes  again  to 
Arkansas  Children's  Hospital.  More  expert  reviews  on  topics 
of  interest  to  practitioners  of  neonatal  and  pediatric  respira- 
tory care,  lunch  tutorials,  sharing  time,  and  an  expanded  ab- 
stract session  are  planned.  You  are  invited  to  submit  your  ab- 
stracts for  presentation  at  this  large  regional  conference  held 
in  Little  Rock,  Arkansas.  Regional  meetings  are  a  good  test- 
ing ground  for  those  who  plan  to  submit  abstracts  for  the 
1995  Open  Forum — an  opportunity  to  present  your  re- 
search before  a  critical  audience — and  the  timing  couldn't  be 
better — the  Conference  is  held  just  a  few  weeks  before  the 
submission  deadline  for  the  OPEN  FORUM.  So,  get  started 
early,  and  join  us  in  Little  Rock. 

As  you  enjoy  the  'feast'  before  you,  I  beUeve  that  you  will 
affirm  with  all  of  us  who  worked  on  the  Diamond  Conference 
issue — the  tradition  of  excellence  continues,  both  for 
Arkansas  Children's  Hospital's  Diamond  Conference  and  for 
your  Journal,  RESPIRATORY  CARE. 

Kaye  Weber  MS  RRT 

Associate  Editor 

RESPIRATORY  CARE 

Dallas,  Texas 
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Editorials 


From  Then  'Till  Now — ^A  Brief  History  of  ACH, 
Respiratory  Care  Services,  and  the  Diamond  Conference 


In  this  piece,  I  want  to  tell  you  a  little  about  Arkansas 
Children's  Hospital  (ACH),  the  Respiratory  Care  Services 
Depailment,  and  the  Diamond  Conference  and  to  thank  the 
Journal's  editors  for  this  opportunity  to  produce  an  ACH 
Special  Issue.  Tlie  Diamond  Conference  could  not  have  be- 
come the  successful  meeting  that  it  is  without  the  individual 
and  collective  expertise  of  the  members  of  the  Respiratory 
Care  Services  Department.  In  turn,  our  department  owes  its 
success  to  the  phenomenal  growth  of  a  children's  hospital 
now  recognized  nationally  as  a  leader  in  pediatric  care,  edu- 
cation, and  research.  All  three  entities  are  inextricably  inter- 
woven. 

Arkansas  Children's  Hospital  has  not  been  well  known 
for  a  long  period  of  time,  nor  has  it  even  been  a  hospital  for 
very  long,  as  time  is  measured  for  such  institutions.  Mr  Steve 
Manley,  a  longtime  ACH  employee,  has  just  completed  an 
historical  account  of  the  hospital  that  chronicles  its  begin- 
nings as  an  orphanage  in  1912. 

The  institution  became  a  true  hospital  in  1926  with  1  op- 
erating room  and  2  hospital  beds.  Although  the  number  of 
hospital  beds  increased  over  the  next  5  decades  to  93,  during 
that  time  the  hospital  existed  solely  for  the  care  of  children 
with  chronic  orthopedic  diseases  and  bum  injuries.  In  1972, 
the  hospital  had  an  annual  operating  budget  of  1  million  dol- 
lars. 

The  ACH  statistics  of  today  provide  a  startling  contrast, 
with  our  present  268-bed  institution  and  9,000  hospital  ad- 
ntissions  annually.  This  year,  more  than  a  quarter  of  a  miUion 
patients  will  be  seen  in  the  78  speciahy  outpatient  clinics. 
This  level  of  patient  activity  is  supported  by  2,500  ACH  em- 
ployees and  385  active  members  comprising  the  medical  and 
dental  staff.  The  1972  budget  is  dwarfed  by  the  budget  of 
140  million  dollars  required  to  run  the  hospital  for  Fiscal 
Year  1994-95. 

The  growth  of  our  department  is  an  equally  dramatic 
story.  In  1975,  the  Respiratory  Therapy  Department  consist- 
ed of  2  full-time  therapists  who  worked  5  days  a  week  for  8 
hours  a  day,  with  the  nurses  handling  respiratory  care  the  rest 
of  the  time.  A  blood  gas  machine  was  "recruited'  from  the 
hospital's  clinical  laboratory,  and  I  "borrowed'  an  8-L 
Collins  waterseal  spirometer  from  the  University  Hospital, 
the  site  of  the  Department  of  Pediatrics  at  that  time.  The 
ACH  medical  director  for  respiratory  therapy,  an  anesthesi- 


ologist, handed  over  the  reins  of  this  awesome  clinical  ser- 
vice of  the  hospital  to  me  with,  1  think,  .some  relief. 

We  have  been  extremely  fortunate  over  the  years,  with 
ongoing  support  from  both  the  hospital  administration  and 
the  hospital  staff,  to  have  attracted  respiratory  care  practi- 
tioners of  the  highest  quality  to  accept  the  challenge  of 
neonatal-pediatric  respiratory  care.  Our  present  respiratory 
care  staff  of  134  includes  102  credentialed  personnel — 67 
Registered  Respiratory  Therapists  and  35  Certified  Respir- 
atory Therapy  Technicians.  In  Fiscal  Year  1993-94.  our  de- 
partment provided  the  service  for  more  than  89,000  blood 
gas  procedures,  67,000  aerosol  treatments,  and  65.000  chest 
physical  therapy  sessions.  More  than  40  ventilators  are  in  use 
on  a  daily  basis  at  any  given  time. 

I  have  been  extremely  privileged  to  be  a  member  of  a  res- 
piratory care  team  that  has  worked  together  with  pride  and 
determination  to  reach  our  present  level  of  excellence.  We 
aie  proud  of  the  care  our  personnel  provide  to  the  pediatric, 
neonatal,  cardiovascular  and  bum  intensive  care  units  as  well 
as  the  special  rehabilitation  areas  for  chronic  ventilator  care, 
our  general  and  specialty  medical  and  surgical  wards,  emer- 
gency room,  and  clinics. 

A  cornerstone  concept  at  the  outset  for  our  department 
was  to  educate  both  hospital  administration  and  the  medical 
staff  as  to  the  proper  role  for  the  respiratory  care  practitioner 
in  the  overall  scheme  of  patient  care.  This  required  us  to  ren- 
der, from  the  outset,  only  the  highest  quality  of  service  by  ed- 
ucated and  trained  personnel  of  the  highest  quality.  By  pro- 
viding ongoing  education  to  maintain  clinical  skills  and  the 
guarantee  of  medical  direction  and  support  for  their  work  on 
a  daily  basis,  our  staff  could  proceed  with  confidence,  not 
only  in  giving  respiratory  care,  but  also  in  their  dialogue  and 
interaction  with  physicians,  nurses,  and  each  other.  As  the 
collective  stature  of  the  depailment  grew  because  of  the  high 
quality  of  service,  the  acceptance  by  the  hospital  in  general 
of  their  increasing  responsibility  in  providing  and  determin- 
ing respiratoi7  care  was  engendered.  We  now  have  in  place 
permanent  core  therapists  in  our  intensive  care  areas  whose 
responsibility  it  is  to  provide  a  stable  and  ongoing  level  of 
service  and  dialogue  with  their  physician  and  nurse  counter- 
parts in  those  units.  In  this  way,  the  core  therapists  have  tmly 
become  accepted  members  of  the  specific  medical  care 
teams  and  are  able  to  communicate  well  their  assessment  of 
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respiratory  care  needs  and  their  recommendations  to  meet 
those  needs.  Respiratory  Care  Coordinators  now  work  on  a 
daily  basis  on  general  and  special-care  areas  outside  of  the 
intensive  care  units.  They  are  able  to  oversee  all  respiratory 
care  delivered  and  have  daily  dialogue  with  physicians. 
These  Coordinators  have  been  through  a  comprehensive  di- 
dactic and  clinical  experience  with  the  pulmonary  medicine 
physicians  and  have  demonstrated  their  skill  and  knowledge 
via  skills-validation  examinations.  Each  day,  these  special 
practitioners  are  teaching  our  physicians-in-training  state-of- 
the-art  precepts  in  pediatric  respiratory  care,  and  thus  work- 
ing directly  with  them  as  both  respiratory  care  consultants 
and  caregivers  for  our  patients. 

Because  ACH  and,  therefore,  our  department  is  affiliated 
with  the  University  of  Arkansas  for  Medical  Sciences  and 
the  student  and  residency  program  of  its  College  of 
Medicine's  Department  of  Pediatrics  and  the  College  of 
Health  Related  Professions  Respiratory  Therapy  Program, 
education  has  been  a  prominent  activity  through  the  years. 
This  began  with  our  own  in-service  programs  but  quickly  in- 
cluded U"aining  for  all  respiratory  care  therapists  and  techni- 
cian programs  in  the  state,  as  well  as  for  physicians  and  nurs- 
es in  training.  It  was  in  this  milieu  that  the  beginning  con- 
cepts for  an  annual  respiratory  care  conference  easily 
germinated.  Sporadic  beginnings  for  such  a  conference  date 
back  to  1979.  Even  at  that  early  date,  attempts  were  made  to 
attract  speakers  from  around  the  country  to  give  the  meeting 
a  regional,  if  not  national,  flavor.  In  1992,  during  a  major  re- 
suscitation of  this  annual  affair,  it  was  decided  that  the  meet- 
ing needed  more  identity  in  order  for  it  to  become  well 
known  over  time.  The  uniqueness  that  we  sought  in  a  name 
for  our  conference  came  quite  naturally  from  the  "Natural 
State,"  which  has  the  only  diamond  mine  in  the  U.S.  The 
quality  and  brilliance  of  the  diamond  seemed  in  keeping  with 
the  goals  and  objectives  to  which  we  aspire.  Thus,  the  Dia- 
mond Conference  was  bom. 

Even  though  it  has  been  called  the  Diamond  Conference 
only  since  1992,  we  carefully  ascribe  tribute  to  all  speakers 
and  participants  of  the  previous  conferences  who  laid  the 
groundwork  for  our  present  efforts.  The  goals  of  our  confer- 
ence are  clear  in  our  minds — that  is,  to  provide  a  comprehen- 
sive experience  that  will  always  include  state-of-the-art 
speakers  and  cutting-edge  topics  as  well  as  more  informal 
workshops  and  discussions  for  review  of  classic  techniques 
and  procedures  in  respiratory  care.  We  are  committed  to 
serve  our  professional  colleagues  who  spend  a  majority  of 


their  time  providing  clinical  care  to  infants  and  children  on  a 
daily  basis  as  well  as  to  those  who  are  in  positions  where  not 
only  care  but  also  education  and  research  activities  are  em- 
phasized. Both  endeavors  are  critical  to  future  success  in  the 
respiratory  care  profession. 

My  comments  about  the  Diamond  Conference  and  the 
Department  of  Respiratory  Care  Services  at  Arkansas 
Children's  Hospital  would  be  woefully  incomplete  without 
the  acknowledgment  of  one  very  important  member.  Any 
such  group  having  common  goals  and  objectives  will  usually 
have  a  member  who,  in  a  special  way,  embodies  all  aspects  of 
those  goals  and  objectives.  We  have  not  been  lacking  in  such 
a  person.  For  the  department,  and  especially  for  the  Diamond 
Conference,  we  have  had  our  epitome  of  enthusiasm  and  pos- 
itive thinking  in  Shelley  Dedman  RRT.  As  Assistant 
Coordinator  of  the  Research  and  Education  Division,  Shelley 
has  been  a  strong  motivating  force  in  the  resurgence  of  the 
Diamond  Conference,  and  we  owe  her  a  great  deal  for  its  suc- 
cess. Shelley  is  fighting  a  personal  battle  now,  the  tables  are 
turned,  and  she  is  now  benefiting  from  special  encourage- 
ment from  many  of  our  staff  members  and  from  the  kind 
thoughts  of  all  of  us.  Shelley  has  always  been  and  will  always 
be  a  winner. 

In  this  present  era  of  reform  in  health  care  at  all  levels,  the 
need  for  such  a  conference  to  maintain  professional  skills  and 
to  keep  up  to  date  with  the  way  that  we  must  change  for  the 
future  is  our  challenge  and  our  commitment.  Just  as  the  dia- 
mond is  everlasting,  we  anticipate  that  our  Conference  will 
continue,  and  we  hope  that  it  will  remain  a  perdurable  activi- 
ty that  will  promote  the  cause  of  respiratory  care  for  infants 
and  children  everywhere. 

Robert  Hughes  Warren  MD 

Professor  and  Chief 

Pulmonary  Medicine  Section 

Department  of  Pediatrics 

University  of  Arkansas  for  Medical  Sciences 

Medical  Director 

Pediatric  Pulmonology  Services 

Arkansas  Children's  Hospital 

Little  Rock,  Arkansas 


Reprints:  Robert  H  Warren  MD,  Pulmonary  Medicine  Section,  Arkansas 
Children's  Hospital,  800  Marshall  St,  Little  Rock  AR  72202-.1591. 
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Children  and  Health-Care  Reform 


Increasing  cost  and  decreasing  access  to  health  care  is  a 
growing  concern  in  the  United  Sates  and  has  led  to  the  cur- 
rent debate  over  health-care  reform. 

As  medical  technology,  practice  specialization,  and  new 
and  enhanced  treatments  for  medical  illness  have  dominated 
our  health-care  system,  costs  have  escalated.  At  the  same 
time,  emphasis  on  illness  prevention  and  primary  care  has 
declined.  No  more  than  one  third  of  our  graduating  physi- 
cians plan  to  enter  primary  care  (family  practice,  general  pe- 
diatrics, general  internal  medicine).  Many  people,  especially 
those  who  live  in  inner  cities  and  rural  communities,  have  lit- 
tle or  no  access  to  health  care.  Originally  intended  to  pay 
major  medical  expenses,  such  as  the  cost  of  hospitalization, 
health  insurance  is  now  expected  to  pay  the  major  portion  of 
expense  for  comprehensive  health  care  and  is  funded  by  the 
employer  as  an  employee  benefit  or  by  the  employee  through 
salary  deductions  or  by  the  government.  Many  Americans — 
those  who  do  not  fit  into  one  of  these  categories — find  that 
they  have  no  access  to  the  health-care  system. 

Since  the  1970s  families  have  seen  their  average  health- 
care costs  increase  at  a  much  greater  rate  than  their  income. 
Average  health-care  cost  in  1991  was  $6,535  per  family, 
with  families  paying  two  thirds  and  business  paying  one 
third.  Approximately  37  million  Americans  have  no  health 
insurance  and  1 1  million  of  these  are  children.  These  unin- 
sured rely  on  emergency  care,  which  is  not  only  expensive 
but  shifts  further  costs  to  the  insured  and  adds  to  escalating 
employer  costs.  Health  care  consumes  14%  of  our  nation's 
gross  national  product  and  threatens  government's  ability  to 
control  the  national  deficit.' 

Children  fare  poorly  in  this  system  that  has  been  struc- 
tured largely  for  adult  needs.  Over  the  last  20  years,  the 
health  status  of  American  children  has  declined  compared  to 
other  industrialized  nations.  The  United  States  ranks  22nd  in 
infant  mortality,  immunization  rates  are  lower,  accidents  and 
injuries  are  more  prevalent,  and  teenage  pregnancy  rates  are 
higher.  The  recent  Carnegie  Report-  discusses  disintegrating 


families,  increasing  child  abuse,  and  poor  child  care — all  of 
which  threaten  nomial  child  development.  The  Annie  Casey 
Report'  has  found  that  at  least  4  million  children  live  in 
poverty-stricken  neighborhoods — fathers  are  often  absent 
from  the  home,  unemployment  is  high,  and  a  large  propor- 
tion of  residents  are  on  welfare.  Twenty  percent  of  our  chil- 
dren live  in  poverty.  Of  the  1 1  million  children  with  no 
health  insurance,  more  than  half  live  in  families  with  one 
paient  employed  full-time.  Much  of  the  employer-based 
health  insurance  does  not  provide  for  preventive  health  ser- 
vices for  children.  As  costs  escalate,  employers  increasingly 
drop  coverage  for  children.  From  1987  to  1988,  the  number 
of  iniddle-income  children  with  no  insurance  increased  from 
6.69c  to  7.97c  (approximately  700,000  children).-* 

Universal  access  to  health  care  for  all  children  has  been 
the  American  Academy  of  Pediatrics'  major  goal  for  the  last 
5  years.  Three  barriers  to  children's  access  to  care  are  recog- 
nized: lack  of  financial  support,  geographic  and  cultural  bar- 
riers, and  the  general  lack  of  knowledge  regarding  children's 
health  and  health-care  needs. 

To  address  the  financial  baiTier,  the  Academy  devel- 
oped its  Children  First  Proposal — comprehensive  health- 
care coverage  within  a  one-tier  system  for  all  children  and 
pregnant  women. ^  This  health  insurance  proposal  would 
be  funded  by  an  employer  mandate  ("play  or  pay')  with 
government  support  for  small  businesses  and  those  fami- 
lies living  in  poverty  or  receiving  Medicaid.  Principles  of 
the  Children  First  Proposal  were  incorporated  into  a  bill 
introduced  by  Representative  Matsui  of  California  in  the 
House  of  Representatives  in  1993  and  gained  more  than  40 
bipartisan  supporters.  A  similar  bill  was  introduced  by 
Senator  Dodd  in  the  Senate  (The  Children  and  Pregnant 
Women  Health  In.surance  Act  of  1993).  Both  of  these  bills 
encompass  principles  that  the  Academy  believes  must  be 
included  in  health-care  reform  legislation  if  we  are  to 
achieve  a  health-care  delivery  system  that  will  address 
children's  needs. 
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•  Guaranteed  Coverage — All  children  through  age 
2 1  and  pregnant  women  must  have  financial  access 
to  health  care.  Recent  trends  clearly  indicate  that 
children  will  be  left  out  if  their  coverage  is  not  man- 
dated. One  union  has  stated  that  40%  of  their  em- 
ployees do  not  buy  coverage  for  their  children.'' 

•  Comprehensive  Benefit  Paclcage — A  comprehen- 
sive benefits  package  that  emphasizes  prevention 
and  primary  care  and  spells  out  specific  health  ben- 
efits addressing  the  unique  health-care  needs  of 
children  is  essential.  If  such  benefits  are  not  specifi- 
cally defined,  children  will  not  get  appropriate  ben- 
efits. While  adults  may  purchase  supplemental  ben- 
efits, many  children  will  be  able  to  access  only 
those  benefits  in  the  standard  benefits  package. 

•  One-Tier  System — All  children  should  have  ac- 
cess to  the  same  class — or  quality  level — of  care. 
Regardless  of  initial  safeguards,  any  public  plan  de- 
signed primarily  for  low-income  people  will  even- 
tually degenerate  into  a  two-tier  system.  Medicaid 
clearly  demonstrates  this  and  should  be  replaced. 

•  Systems  Reform — Administrative  simplicity, 
medical  liability  reform,  quality  control,  and  cost- 
containment  measures  should  be  included  in  reform 
legislation. 

•  Insurance  Reform — Elimination  of  pre-existing 
condition  exclusion  clauses,  guaranteed  issue  and 
re-issue,  portability  and  community  rating  should 
be  required.  Children  must  be  assured  access  to  pe- 
diatric specialists  and  integrated  child  health-care 
networks  that  address  their  special  needs. 

In  attempts  to  bring  rising  premium  costs  under  control, 
the  health-insurance  industry  has  promoted  the  concept  that 
the  health-care  system  is  equatable  to  any  other  industry 
(business)  and  that  costs  can  be  controlled  by  applying  mea- 
sures effectively  utilized  in  other  industries.  With  restruc- 
tured health  insurance,  guided  by  the  concept  of  managed 
care,  premium  holders  would  select  or  be  assigned  a  primary 
care  physician  who  would,  along  with  mechanisms  such  as 
precertification  and  second  opinions,  control  and  decrease 
utilization  of  medical  specialists  and  costly  technology. 
Delivery  systems  such  as  health  maintenance  organizations 
(HMOs)  have  been  developed  by  insurance  companies  and 
other  health  provider  groups  (physicians  and  hospitals)  to  re- 
structure care  and  control  costs.  The  govemmcnt  has  added 
new  controls  for  Medicare  and  Medicaid. 

During  the  last  presidential  election.  President  Clinton 
successfully  structured  his  campaign  on  the  issues  of  the 


economy  and  the  need  for  health-care  reform.  This  intensi- 
fied public  concern  resulted  in  the  submission  of  numerous 
health-care-reform  bills  in  Congress  this  year.  The  diversity 
of  these  bills  reflects  the  lack  of  consensus  among  citizens 
and  members  of  the  Congress  as  to  what  is  wrong  with  our 
system  of  health  care  and  how  it  should  be  fixed.  Payment 
mechanisms  and  cost  controls  are  the  major  points  of  differ- 
ence and  have  dominated  the  health-care-reform  debate.  The 
administration  bill''  developed  by  the  much-publicized 
Health  Care  Reform  Task  Force  is  a  complex  and  compre- 
hensive reform  package  that  addresses  every  aspect  of  the 
health  care  delivery  system — universal  coverage  with  em- 
ployer mandates,  a  comprehensive  benefit  package  with  a 
strong  preventive  and  primary  care  base,  insurance  reform 
(guaranteed  insurability,  portability,  community  rating,  and 
health  alliances  to  provide  consumer  choice  and  health  in- 
surance oversight),  medical  education  and  research  support 
to  enhance  primary  care  and  prevention,  manpower  issues 
(55%  of  those  graduating  medical  school  will  enter  primary 
care),  enhancement  of  the  public  health  structure,  decreased 
paperwork  and  bureaucracy  for  providers  and  consumers, 
and  national  oversight  provided  by  a  National  Health-Care 
Commission. 

A  comprehensive  single-payer  plan  similar  to  the 
Canadian  system  with  financing  by  taxes  was  introduced  by 
Representative  McDermott  and  Senator  Wellstone.  The 
Representative  Cooper-Senator  Breaux  bill  did  not  propose 
an  employer  mandate  and  depended  upon  a  managed-compe- 
tition concept  to  provide  cost  control.  Most  Republican  ver- 
sions of  health-care-refomi  legislation  have  supported  insur- 
ance reform  and  competition  within  the  insurance  and  health- 
care systems  to  control  costs.*" 

As  these  bills  have  reached  the  Congressional  Commit- 
tees, there  has  been  intensive  lobbying  by  all  special  interest 
groups  who  have  a  financial  interest  in  health-care  delivery. 
The  public  has  been  inundated  with  media  coverage — again 
paid  for  by  special  interests.  I  believe  that  much  of  this  infor- 
mation has  been  deliberately  misleading  and  confusing  to  the 
public. 

Legislation  now  proposed  in  the  House  and  Senate  bears 
little  resemblance  to  the  original  proposals.  The  question  of 
payment  continues  to  be  the  focus  of  debate.  Businesses  (es- 
pecially small  businesses)  oppose  employer  mandates  as  too 
costly.  A  single-payer  plan  (ie,  the  government,  financed  by 
taxes)  is  being  recognized  as  a  more  acceptable  mechanism 
providing  more  patient-physician  choice,  less  overhead,  and 
less  'hassle'  but  it  will  not  become  a  major  contender  because 
it  entails  new  taxes,  possibly  more  government  control,  and  is 
an  economic  threat  to  insurance  companies.  Partisan  postur- 
ing by  Congress  continues  to  hamper  any  consensus  legisla- 
tion. Universal  coverage  has  lost  support  even  though  a 
growing  literature  supports  the  concept  that  lack  of  insurance 
reduces  access  to  necessary  medical  care  and  is  harmful  to 
health,  not  just  the  pocket  book. 
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Several  principles  continue  to  be  imperative.  All  children 
and  pregnant  women  must  have  gujiranteed  financial  access 
to  health  care.  Because  so  many  children  live  in  poverty  and 
are  part  of  families  with  limited  resources,  financial  access 
must  be  achieved  by  mandatory  coverage.  This  coverage 
must  include  a  defined  comprehensive  benefit  package  that 
supports  accessible  prevention  and  primary  care.  All  children 
should  have  access  to  health  care  in  a  one-tier  system  regard- 
less of  parents'  incomes,  employment  status,  or  location.  It 
must  be  recognized  that  children  are  not  just  little  adults. 
Comprehensive  quality  care  for  children  includes  providing 
a  medical  home — access  to  hospitals  and  other  health  care 
delivery  systems  structured  to  adequately  meet  their  unique 
needs  for  growth  and  development. 

Current  health-care  refonn  presents  a  great  opportunity  to 
develop  a  health-care-delivery  system  capable  of  delivering 
quality  comprehensive  care  to  all  children  in  a  cost-effective 
manner.  If  the  unique  and  urgent  needs  of  children  are  not 
specifically  addressed,  the  children  of  our  country  may  con- 
tinue to  receive  inadequate  and  poorly  structured  care  as  we 
continue  to  fit  children's  needs  into  an  adult  system. 

As  a  nation  we  must  realize  that  our  children's  health,  well- 
being,  and  education  are  moral  imperatives,  not  luxuries. 
Assurance  that  all  of  our  children  receive  quality  health  care  is 
of  intrinsic  value  to  our  society.  If  we  do  not  accept  the  moral 
imperative  to  assure  health  care  to  all  children,  the  social  and 


economic  well-being  of  our  nation  will  be  weakened  by  our 
allowing  children  to  grow  up  without  the  support  they  need  to 
be  healthy  contributing  citizens  as  the  next  adult  generation. 

Betty  Lowe  MD 

President 
American  Academy  of  Pediatrics 

Medical  Director 

Arkansas  Children's  Hospital 

Little  Rock,  Arkansas 
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Evaluation  of  a  Method  for  Measuring  Minute  Volumes 
during  Bias-Flow  Ventilation 

Adalberto  Torres  Jr  MD,  Minken  P  Yeh  PhD,  Sterling  Wilson  MS, 
Michael  Anders  BS  RRT,  and  MarkJ  Heulitt  MD 


BACKGROUND:  Gas  exchange  measurements  made  in  patients  mechanically  ven- 
tilated with  a  bias-flow  ventilator  may  require  an  in-line  isolation  valve  to  maintain 
accuracy,  which  may  impose  additional  dead  space  and  work  of  breathing.  EVAL- 
UATION METHODS:  Two  linear  pneumotachographs  (P-tachs)  were  attached  to 
a  custom-made  T-piece  without  isolation  valves.  The  inspiratory  and  expiratory 
limbs  of  the  ventilator  circuits  were  then  attached  to  the  P-tachs.  The  bias  flow  and 
compressible  volume  measured  by  the  inspiratory  P-tach  was  subtracted  from  the 
total  expiratory  flow  measured  by  the  expiratory  P-tach  to  obtain  the  measurement 
of  expired  volume  from  a  test  lung.  We  ventilated  this  single-lung  model  with  a  bias- 
flow  ventilator  while  volume  measurements,  made  by  the  computerized  dual-P-tach 
differential  flow  system,  were  simultaneously  compared  to  volume  measurements 
from  a  single  P-tach  positioned  between  the  dual  P-tachs  and  the  test  lung.  Three 
sizes  of  P-tachs  were  tested  at  3  tidal  volumes  and  2  ventilator  frequencies  with 
their  corresponding  bias  flowrate.  Inspiratory  and  expiratory  volume  measure- 
ments of  each  system  were  assessed  with  measures  of  agreement  (bias  ±  precision) 
and  Pearson  product-moment  correlation  coefficient.  EVALUATION  RESULTS: 
The  accuracy  (bias)  and  repeatability  (precision  or  limits  of  agreement)  of  the  dual- 
P-tach  system  measurements  as  compared  to  the  single  P-tach  measurements  were 
clinically  acceptable  under  the  conditions  tested  with  both  dry  and  humidified  air 
(±3%  of  tidal  volume).  The  degree  of  correlation  was  high  for  both  the  inspiratory 
volumes  (r-  =  0.999,  p  <  0.001 )  and  expiratory  volumes  (r-=  0.998,  p  <  0.001).  CON- 
CLUSIONS: The  dual-P-tach  differential  flow  system  is  as  accurate  and  precise  as 
a  single  P-tach  during  bias-fiow  ventilation.  This  dual-P-tach  differential  flow  sys- 
tem requires  no  isolation  valves  and  may  be  used  with  patients  of  all  sizes  who  are 
ventilated  with  a  bias-flow  ventilator.  [Respir  Care  1995:40(  I  ):22-27.1 
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Background 

Indirect  calorimetiy  nieasuiements  have  been  widely 
performed  on  mechanically  \entilated  patients  with  many 
commercially  available  metabolic  carts.  As  a  result  of  the 
bias  flow  provided  by  some  of  the  latest  generation  venti- 
lators, expired  volume  measurements  are  falsely  elevated 
and  gas  concentrations  diluted,  creating  eiTors  in  gas-ex- 
change measurements.  An  in-line  isolation  valve  is  re- 
quired to  separate  the  ventilator  bias  flow  from  the  pa- 
tient's expiratory  gases  in  order  to  assure  accuracy,'-  This 
valve  may  impose  additional  work  of  breathing  (WOB) 
and  increase  dead  space  atid.  therefore,  conceal  a  patient's 
true  metabolic  rate. 

Ruttimann  and  colleagues'  designed  a  differential-How 
system  consisting  of  two  pneumotachographs  (P-tachs)  on 
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either  side  of  a  T-piece  and  an  electronic  differential  am- 
plifier to  derive  the  difference  between  the  inspiratory  and 
expiratory  signals.  This  dual-P-tach  system  offsets  the  ef- 
fect of  bias  flow,  introduces  no  extra  dead  space,  and  does 
not  require  an  isolation  valve.  The  disadvantages  of  their 
system,  however,  include  the  requirement  for  a  differential 
amplifier,  which  necessitates  multistep  calibration  proce- 
dures and  the  assumption  that  the  P-tachs  share  similar 
flow  characteristics  and  linearities. 

In  this  study,  we  present  a  computerized  dual-P-tach  dif- 
ferential-flow system  that  does  not  require  a  differential  am- 
plifier. In  addition,  this  system  incorporates  P-tach-charac- 
teristic  curves  obtained  from  a  weighted-average  calibration 
method  that  compensates  for  inherent  nonlinearities  between 
the  two  P-tachs.  We  hypothesized  that  the  volume  measure- 
ments of  the  dual-P-tach  system  would  agree  with  measure- 
ments of  a  single  P-tach  system  during  bias-flow  ventilation 
of  a  test  lung.  We  also  hypothesized  that  humidified  air 
passed  through  a  heated  wire  ventilator  circuit  would  have 
no  effect  on  the  accuracy  of  the  measurements. 

Evaluation  Methods 

Experimental  Configuration 

Two  P-tachs  (0-10,  0-35,  and  0-160  L/min)  were  placed 
in  series  with  the  ventilator  circuit  and  a  T-piece  (Fig.  1). 
The  single  P-tach  was  inserted  between  the  patient  port  of 
the  T-piece  and  the  test  lung.  Equal  lengths  of  tubing  were 
connected  from  the  pressure  sampling  ports  of  each  P-tach 
to  the  inlets  of  variable  reluctance  pressure  transducers. 
The  pressure  transducers  were  then  coupled  to  carrier  de- 
modulators, with  output  signals  sampled  at   100  Hz 


through  a  16-channel  12-bit  A/D  converter  by  a  desktop 
computer.  The  sampled  A/D  values  were  converted  to 
flowrates  using  P-tach  characteristics  curves  obtained  dur- 
ing the  calibration  process. 

A  ventilator  and  test  lung  were  used  to  simulate  clinical 
settings.  Time-triggered,  volume-cycled  ventilation  was  per- 
formed with  a  Servo  Ventilator  300  (SV  300).  Compliance 
of  the  test  lung  was  set  at  0. 1  L/cm  H2O  for  the  entire  experi- 
ment. 

System  Calibration 

The  dual-P-tach  calibration  was  performed  with  the  in- 
spiratory P-tach,  T-piece,  and  expiratory  P-tach  connected 
in  series  (Fig.  2).  The  patient  port  of  the  T-piece  was  oc- 
cluded and  the  calibration  syringe  attached  to  the  distal 
end  of  the  inspiratory  P-tach.  The  single  P-tach  was  at- 
tached directly  to  the  calibration  syringe  and  calibrated 
separately.  For  the  0- 1 0  L/min  and  0-35  L/min  P-tach  stud- 
ies, a  100-mL  calibration  syringe  was  used.  A  1-L  calibra- 
tion syringe  was  used  to  calibrate  the  0-160  L/min  P-tach. 
Following  10  initial  strokes  to  flush  the  P-tachs,  30  strokes 
were  delivered  to  derive  the  characteristics  curves  of  the 
inspiratory  and  expiratory  P-tachs  using  a  weighted-aver- 
age method.''  The  process  was  repeated  to  verify  that  cor- 
rect P-tach  characteristics  were  obtained. 


Inspiratory 
Pneumotach 


Expiratory 
Pneumotach 


^ 


Calibration  Syringe 


XL 

T-piece 
(Patient  port  blocked) 


Test  Lung 


A/D 

Computer 

Fig.  1 .  The  dual-pneumotachograph  differential  flow  system  (P-l,  in- 
spiratory pneumotachograph,  and  P-E,  expiratory  pneumotacho- 
graph) is  attached  In  series  with  the  T-piece  while  the  single  pneu- 
motachograph (P-S)  is  placed  between  the  T-piece  and  the  test 
lung.  The  humidifier  and  pneumotachograph  heater  controls  are  not 
displayed. 


Fig.  2.  Calibration  of  the  dual-pneumotachograph  differential-flow 
system  Is  performed  with  the  pneumotachographs  in  series  and  the 
patient  port  of  the  T-piece  occluded. 

Experimental  Design 

Three  sizes  of  P-tachs,  infant  (0-10  L/min),  pediatric  (0- 
35  L/min),  and  adult  (0-160  L/min),  were  tested  with  vari- 
ous tidal  volumes,  bias  flowrates.  and  ventilator  frequen- 
cies (Table  1).  Peak  inspiratory  and  expiratory  flowrates 
were  pre-measured  so  that  the  P-tach  size  selected  was  ap- 
propriate for  the  anticipated  flow.  Dry  and  humidified  air 
were  used  to  check  the  effect  of  humidity  on  volume  mea- 
surements. During  the  humidified  air  study,  all  the  P-tachs 
were  heated  with  heater  shells  and  control  units  to  40°  C 
while  the  heated-wire  ventilator  circuit  was  heated  to  37° 
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Table  I.  Ventilator-Selting  Combinations  Used  To  Validate  E.\pired- 
Volume  Measurements  with  the  Dual-Pneumotachograph  System 


P-Tach* 
llVmin) 


Cycling 
Frequency 


Vt+ 
(mL.  ATPS) 


Bias  Flow 
(Umin) 


Patient 
Range 


0-10 

30 

25 

0.5 

Neonate 

60 

50 

75 

1 

Pediatric 

0-35 

20 
40 

100 
2(» 
3(K) 

1 

Pediatric 

0-160 

15 
30 

500 
750 
1000 

2 

Adult 

*  Pneumotachograp 

'''Tidal  volume. 

C.  Tidal  volumes  used  for  testing  each  size  P-tach  were  se- 
lected based  on  the  potential  subject's  size. 

The  net  flows  to  and  from  the  test  lung  were  derived 
from  the  differences  between  signals  from  the  expiratory 
and  inspiratory  P-tach  (Fig.  3).  The  net  inspiratory  flow 
was  calculated  by  subtracting  the  measured  flowrate  of  the 
expiratory  P-tach  from  the  measured  flowrate  of  the  inspi- 
ratory P-tach  during  the  inspiratory  phase.  The  net  expira- 
tory flow  was  calculated  by  subtracting  the  measured 
flowrate  of  the  inspiratory  P-tach  from  the  measured 
flowrate  of  the  expiratory  P-tach  during  the  expiratory 
phase.  Through  this  process,  a  'logical'  single  P-tach  sys- 
tem was  achieved. 


Data  Analysis 

For  each  test.  10  breaths  were  performed  and  averaged. 
The  data  were  recorded  in  a  customized  volume  compari- 
son program.  The  Pearson  product-moment  correlation  co- 
efficient was  calculated  to  assess  the  degree  of  association 
between  the  2  methods  using  a  widely  available  statistical 
software  program.  Measures  of  agreernent,  bias  ±  preci- 
sion, as  described  by  Bland  and  Altman'"''  were  performed 
on  the  data  using  the  aforementioned  statistical  software 
program.  A  one-way  analysis  of  variance  (ANOVA)  was 
used  to  detect  any  difference  in  accuracy  between  the  dry- 
and  humidified-air  measurements. 

Table  2.   Bias  ±  Precision  of  the  Single-  vs  Dual-Pneumotachograph 
Systems 

Inspiratory  Bias  ±  Precision     Expiratory  Bias  ±  Precision 
(%ofVT±2SDl  (%ofVT±2SD) 


V-r* 
(mL.  ATPS) 

Dry  Air 

Humidified 

Dry  Air 

Humidified 

25 

2.0  ±0.8 

-1.6  +  0.8 

1.1  ±2.9 

2.0±  1.6 

50 

2.6  ±0.8 

-2.0  ±  0.4 

2.0  ±  1.2 

3.0  ±  1.2 

75 

2.7±  1.1 

-1.3  ±  1.1 

2.1  ±  1.9 

3.2  ±  1.9 

100 

2.9  ±0.6 

1.1  ±0.6 

0.2  ±2.0 

1.4  ±2.6 

200 

1 .8  ±  0.6 

0.4  ±  0.7 

0.4  ±  0.5 

0.7  ±0.7 

300 

1.9  ±  1.0 

1 .0  ±  0.5 

0.2  ±  0.7 

0.4  ±  1.3 

500 

1.4  ±  1.0 

-1.8±  1.7 

0.4  ±  1.9 

1.1  ±2.5 

750 

1.4  ±  1.6 

-2.0  ±  1.2 

1.5  ±  1.9 

3.1  ±1.5 

1000 

0.5  ±  1.9 

-2.7  ±  1.3 

2.5  ±  2.8 

3.3  ±  1.4 

*Tidal  volume. 

Evaluation  Results 


A.  Expiratory  Pneumotach  Flow 


B.  Inspiratory  Pneumotach  Flow 


C.  Single  Pneumotach  Flow 


Fig.  3.  A  sample  of  dual-pneumotachograph-system  and  single  pneu- 
motachograph flow  signals  from  0-35  L7min  pneumotachographs. 
Note  that  during  inspiration,  no  flow  was  detected  on  the  expiratory 
pneumotachograph  (A).  However,  bias  flow  was  measured  by  the  in- 
spiratory pneumotachograph  flow  dunng  expiration  (B).  No  bias  flow 
was  detected  by  the  single  pneumotachograph  (C). 


The  degree  of  correlation  was  high  for  both  the  inspira- 
tory (r-  =  0.999,  p  <  0.00 1)  and  expiratory  volurnes  (r-  = 
0.998,  p<  0.001). 

Table  2  shows  the  bias  ±  precision  (2  SD)  for  the  inspi- 
ratory and  expiratory  volumes  recorded  simultaneously. 
For  purposes  of  comparison,  these  values  are  reported  as  a 
percent  of  the  tidal  volumes  measured. 

Figures  4A  and  4B  are  representative  plots  of  the  differ- 
ence between  the  volume  of  the  dual-P  tach  system  and 
the  simultaneous  volurne  of  the  single  P-tach  against  their 
mean.  The  points  on  the  plots  represent  the  results  of  both 
the  heated-humidified-  and  the  dry-air  experiments. 
Analysis  of  variance  demonstrated  significant  differences 
between  the  biases  of  measurements  made  under  condi- 
tions of  dry  air  versus  humidified  air  (p  <  O.O.'i). 

Discussion 

Open-circuit  metabolic  carts  arc  utilized  to  obtain  ener- 
gy expenditure  measurements  in  mechanically  ventilated 
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Mean  Volume  of  the  Dual  and  Single  Pneumotach  System  (mL) 


B 

,^  225 


Mean  Volume  of  the  Dual  and  Single  Pneumotach  System  (mL) 

Fig.  4.  (A)  Bias  (solid  line)  and  precision  (bold  dashed  lines)  plot  of 
the  expiratory  25-mL  volumes.  (B)  Bias  (solid  line)  and  precision 
(bold  dashed  lines)  plot  of  the  expiratory  1 ,000-mL  volumes. 

patients.'-*  Attention  to  technical  details  is  essential  for  ob- 
taining reliable  indirect  calorimetry  measurements.*  The 
mixing-chamber-type  metabolic  cart  collects  the  patient's 
expired  gas  from  the  exhaled  port  of  the  ventilator  for  gas- 
concentration  analysis  and  expired-volume  determination. 
When  ventilators  that  supply  bias  flow  in  the  breathing  cir- 
cuit are  used  during  metabolic  measurements,  the  patient's 
measured  expired-volume  is  falsely  increased  and  the  gas 
concentrations  diluted.  Addition  of  an  in-line  isolation 
valve  reduces  expired  gas  mixing  with  bias  flow  but  may 
increase  the  subject's  WOB  and  therefore  conceal  the  sub- 
ject's true  metabolic  rate.  Direct  attachment  of  the  P-tach 
to  the  endotracheal  tube  may  eliminate  bias-flow-induced 
errors  in  volume  measurement.  However,  this  may  cau.se  a 


clinically  important  rise  in  dead  space,  and  patient  secre- 
tions are  more  apt  to  affect  the  accuracy  of  the  P-tach  in 
this  configuration. 

Ruttimann  and  colleagues-"  devised  a  dual-P-tach  differ- 
ential-flow system  for  use  under  these  conditions  to  abol- 
ish some  of  these  technical  problems.  The  electronic  dif- 
ferential amplifier  necessary  with  their  system  is  difficult 
to  calibrate  and  assumes  the  P-tachs  share  identical  flow 
characteristics  and  linearities.  The  serial  connection  of  the 
calibration  syringe  and  dual-P-tachs  that  we  used  ensured 
thai  similar  flow  waveforms  were  provided  to  both  P- 
tachs.  This  configuration  minimizes  discrepancies  be- 
tween P-tachs  that  may  be  introduced  during  the  calibra- 
tion process.  The  weighted-average  calibration  method 
overcomes  the  inherent  nonlinearities  of  the  dual  P-tachs. 
resulting  in  bias  and  precision  of  similar  magnitude.  The 
ventilator  was  not  strictly  calibrated,  causing  the  mean  de- 
livered volumes  measured  to  vary.  Alhough  the  results 
were  not  normally  distributed,  the  biases  (ie,  mean  differ- 
ences between  the  volumes  measured  by  the  single-  and 
dual-P-tach  systems)  at  all  tidal  volumes  tested  were  ap- 
proximately ±3%  of  the  tidal  volumes  tested.  The  average 
precision  or  repeatability  (ie,  2  standard  deviations  above 
and  below  the  mean  differences)  were  approximately  ±3% 
of  the  tidal  volumes  tested.  Considering  the  reported  preci- 
sion of  the  P-tachs  is  ±2%  (I  SD)  of  the  best  straight  line 
reading  within  the  calibration  range,'"  these  results  are  ac- 
curate and  precise. 

Inaccuracy  in  expired  minute  volume  measurement  may 
also  occur  secondary  to  increases  in  circuit  volume  that  can 
be  present  in  compliant  tubing  under  high  pressure.  Hess 
and  associates' '  demonstrated  that  the  compression  factor  of 
various  adult  ventilator  circuits  varied  with  changes  in  ven- 
tilating pressure  causing  volume  measurements  adjusted  by 
a  compression  factor  to  be  inaccurate.  The  authors  speculat- 
ed that  though  this  effect  of  pressure  on  the  compression 
factor  was  not  clinically  important,  it  might  become  so  dur- 
ing ventilation  with  small  tidal  volumes  at  high  pressures. 
With  the  dual-P-tach  system,  this  volume  of  gas  that  accu- 
mulates in  the  circuit  under  high  pressure  conditions  is  re- 
garded as  bias  flow  by  the  inspiratory  P-tach  and  is  therefore 
subtracted  from  the  expiratory  volume.  When  a  mixing- 
chamber-type  metabolic  cart  is  used,  expired  volume  mea- 
surements are  falsely  elevated,  resulting  in  errors  in  the 
measurement  of  energy  expenditure.'-  Theoretically,  the  di- 
lution of  expired  gases  by  compressible  volume  may  offset 
this  effect  somewhat.  However,  this  theory  has  not  been  ex- 
tensively tested  in  vivo  or  in  vitro.  Our  system  is  therefore 
only  recommended  for  use  with  breath-by-breath  config- 
ured metabolic  carts  and  not  those  that  incorporate  a  mix- 
ing-chamber. 

A  P-tach  is  a  resistive  device  that  functions  best  in  the 
presence  of  laminar  flow.  Turbulent  flow  associated  with 
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Fig.  5.  The  conductance  of  a  0-10  L7min  pneumotachograph  de- 
creases precipitously  beyond  the  manufacturer's  maximum  recom- 
mended upper  limit  of  10  Umin. 


high  flowrates  causes  the  P-tach"s  characteristic  curves  to 
become  less  linear  and  produce  inconsistent  output  signals. 
Figure  5  illustrates  a  sample  0-10  L/min  P-tach"s  charac- 
teristics curve  and  the  linearities.  The  conductance  (ie,  the 
reciprocal  of  resistance)  is  0.03  L/min/ADu  (A/D  units) 
during  no  flow.  Turbulent  flow  begins  at  approximately 
5.5  L/min,  but  conductance  decreases  3%  at  10  L/min. 
When  the  flowrate  exceeded  the  manufacturer's  recom- 
mended maximal  range,  such  as  with  16  L/min,  conduc- 
tance decreased  to  0.027  L/min/ADu,  a  10%  decrease. 
Figure  3  reveals  other  evidence  supporting  selection  of  P- 
tach  size  based  on  peak  expiratory  flowrates  prior  to  the 
actual  measurement.  First,  the  dual  expiratory  waveform 
(Fig.  3A)  had  higher  peak  flow  signals  than  the  single  ex- 
piratory waveform  (Fig.  3C).  Second,  bias  flow  passes 
through  the  inspiratory  P-tach  (Fig.  3B)  to  the  expiratory 
P-tach.  The  combination  of  the  bias  flow,  compressible 
volume,  and  expiratory  flow  from  the  test  lung  may  result 
in  a  total  flow  signal  that  surpas.ses  the  manufacturer's 
specified  range  on  the  expiratory  P-tach.  This  phenomenon 
deserves  special  attention  because  inspiratory  flowrate  is 
often  (a)  directly  adjusted  or  displayed  on  the  ventilator 
control  panel,  or  (b)  set  by  multiplying  the  reciprocal  of 
the  inspiratory  time  by  the  set  minute  volume  during  time- 
triggered,  volume-cycled  ventilation.  Avoiding  these  er- 
rors in  expiratory  flow  measurements  requires  measuring 
only  the  expiratory  flow  and  preselecting  the  appropriate 
size  P-lach. 

The  decrease  in  condensation  experienced  with  heated- 
wire  ventilator  circuits  provides  a  better  environment  lor  the 
measurement  of  volume  using  healed  P-tachs.  Although  we 
discovered  a  statistically  signiflcant  difference  between  the 


biases  of  the  humidified-  and  dry-air  experiments,  biases  of 
approximately  ±3%  are  not  considered  clinically  important. 
Therefore,  humidity  need  not  be  withheld  from  patients  dur- 
ing brief  measurements.  Though  the  dual-P-tach  system  per- 
formed well  under  these  testing  conditions,  the  system 
needs  further  testing  with  higher  bias  flowrates,  longer  peri- 
ods of  study,  under  conditions  of  variable  respiratory  system 
compliance,  and  using  other  brands  and/or  types  of  ventila- 
tors, before  broad  application  is  recommended.  These  tech- 
nical variations  are  currently  being  evaluated  in  a  sponta- 
neously breathing  animal  model. 

Conclusions 

We  compared  a  dual-P-tach  differential  flow  system  to 
a  single  P-tach  system  for  measuring  volumes  and  demon- 
strated a  high  degree  of  correlation  and  an  acceptable  de- 
gree of  agreement  during  ventilation  of  a  test  lung  with  the 
SV  300  bias-flow  ventilator.  Humidity  delivered  with  a 
heated-wire  ventilator  circuit  did  not  have  a  clinically  im- 
portant effect  on  the  accuracy  of  these  measurements.  This 
computerized  system  has  the  advantage  of  not  requiring  an 
electronic  differential  amplifier  and  therefore  reduces  the 
complexity  of  calibration.  We  recommend  that  expiratory 
peak  flowrates  be  assessed  prior  to  volume  measurements 
so  that  the  proper  size  P-tach  may  be  selected  for  accurate 
measurements  and  that  this  setup  be  used  only  with  breath- 
by-breath  measurement  systems. 
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Carrier  Demodulators: 

Model  CD- 1 5,  Validyne  Engineering  Corp,  Sacramento  CA 

Desktop  Computer: 

Model  2000  (486/.5()  l)X2),  (iaicway.  Norlh  Sioux  City  SD 
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Comparison  of  Inspiratory  Work  of  Breathing  in  Young  Lambs  during 
Flow-Triggered  and  Pressure-Triggered  Ventilation 


Janet  Carmack  MD,  Adalberto  Torres  MD,  Michael  Anders  BS  RRT,  Sterling  W  Wilson  MS, 
Shirley  Holt  RRT,  and  Mark  J  Heulitt  MD 


Mechanical  ventilation  has  been  shown  to  impose  work  of  breathing  (WOB)  in  ad- 
dition to  that  associated  with  spontaneous  breathing  through  endotracheal  tubes. 
Flow-triggered  ventilation  decreases  WOB  but  data  have  been  limited  regarding  its 
use  in  pediatric  patients.  MATERIALS  &  METHODS:  We  undertook  an  experi- 
ment to  compare  WOB  during  flow-triggering  (FT)  and  pressure-triggering  (PT) 
utilizing  the  Servo  Ventilator  300  (SV  300).  Thirty  experiments,  each  of  10-minutes 
duration,  were  performed  in  4  anesthetized,  intubated  lambs.  In  each  experiment, 
the  animal  was  randomized  either  to  pressure  support  (PS)  =  5  cm  HiO  or  continu- 
ous positive  airway  pressure  (CPAP)  =  0  cm  H2O  and  studied  with  both  FT  and  PT. 
Each  animal  was  used  as  its  own  control.  WOB  was  measured  with  a  Bicore  moni- 
toring device  as  WOB  of  the  animal  (WOBp)  and  pressure  time  product  (PTP)  for 
each  breath,  during  the  experiment.  In  addition,  oxygen  consumption  of  the  animal 
was  measured  with  a  customized  metabolic  monitoring  system  with  breath-by- 
breath  gas  analysis.  A  Wilcoxon  rank  sum  test  was  utilized  for  analysis.  RESULTS: 
All  comparisons  between  FT  and  PT  for  both  CPAP  and  PS  showed  a  statistically 
signiFicant  difference  (p  <  0.001).  WOBp  had  a  47%  reduction  in  PS  and  a  19%  re- 
duction in  CPAP  during  FT  as  compared  to  PT.  CONCLUSION:  We  conclude  that 
WOB  is  signiflcantly  lower  in  animals  ventilated  with  flow-triggering  as  compared 
to  pressure-triggering  with  the  SV  300.  We  speculate  ventilators  with  flow-trigger- 
ing may  offer  an  advantage  in  ventilating  pediatric  patients.  [Respir  Care 
1994;40(1):28-34.1 
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Background 

Spontaneous  breathing  through  an  endotracheal  tube  and 
ventilator  circuit  during  continuous  positive  airway  pressure 
(CPAP)  ventilation  is  associated  with  increased  work  of 
breathing  (WOB).'  Factors  contributing  to  this  increase  in- 
clude time  required  to  open  the  demand  valve  (response 
time),  the  inspiratoi7  effort,  and  the  resistance  of  the  endotra- 
cheal tube  (ETT).  The  effect  of  these  factors  on  WOB  may 
be  accentuated  in  pediatric  patients  because  of  the  increased 
resistance  of  small  ETTs,  and  the  increased  respiratory  fre- 
quency of  children  and  infants.  Given  these  characteristics  a 
faster  response  time  is  required  if  asynchrony  is  to  be  avoid- 
ed. Recently  pediatric  and  neonatal  ventilators  that  incorpo- 
rate flow-triggered  demand  systems  have  been  introduced. 
Flow-triggering  has  been  shown  to  decrease  WOB  when 
compared  to  pressure-triggering.-  ~ 
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There  are  few  data  regarding  the  use  of  flow-triggering 
in  pediatric  patients.  A  recent  study  by  Nishimura  at  aH 
compared  tlow-triggering  and  pressure-triggering  in  rab- 
bits intubated  with  small  ETTs.  such  as  those  used  in 
neonates  and  infants,  and  found  that  flow-triggering  was 
superior  to  pressure-triggering  in  reducing  WOB  through  a 
3.0-mm  ETT,  but  the  difference  was  not  significant  with  a 
4.0-mm  ETT.  Also,  previous  studies  comparing  flow-trig- 
gering and  pressure-triggering  in  the  Servo  Ventilator 
300*  (SV  300)  have  been  performed  utilizing  a  lung 
model.*'*  but  to  our  knowledge  no  clinical  or  animal  stud- 
ies have  been  performed. 

The  objective  of  this  study  was  to  compare  WOB  and 
oxygen  consumption  (Vq:)  during  flow-triggered  and 
pressure-triggered  ventilation  in  both  continuous  positive 
airway  pressure  (CPAP)  and  pressure  support  (PS)  modes 
in  young  lambs  using  a  ventilator  designed  for  pediatric 
patients.  We  hypothesized  that  flow-triggering  would  re- 
duce WOB  as  compared  to  pressure-triggering  in  intubat- 
ed young  lambs  supported  on  CPAP  and  PS  with  an  SV 
300. 

Materials  &  Methods 

This  study  was  approved  by  the  Animal  Review  Com- 
mittee of  University  of  Arkansas  for  Medical  Sciences. 
Animals  were  cared  for  in  accordance  with  the  University's 
standards  for  care  and  use  of  laboratory  animals. 

Model  Preparation 


Pneumotachographs 


Fig.  1.  Diagram  of  the  experimental  setup.  Dual  pneumotachographs 
and  mass  spectrometer  sampling  catheter  are  attached  to  a  custom- 
made  T-piece.  Data  from  these  instruments,  the  esophageal 
catheter,  and  the  respiratory  monitor  are  fed  to  an  A/D  converter 
board  in  the  computer.  Data  are  captured  for  later  analysis. 


Thirty  studies  were  performed  on  4  young  lambs 
(weight  10.3  ±  0.5  kg).  Individual  animals  were  studied  re- 
peatedly for  8  experiments  or  until  complications  devel- 
oped that  rendered  the  animal  unsuitable  (eg.  catheter  dis- 
placement). Vascular  catheters  were  surgically  placed  via 
cutdown  in  the  external  jugular  vein  for  drug  administra- 
tion and  in  the  internal  carotid  artery  for  blood  pressure 
monitoring.  After  surgery,  the  animals  were  allowed  to  re- 
cover for  24-48  hours.  On  the  study  day,  the  animal  was 
anesthetized  (midazolam*  0.25  mg/kg,  propofol  0.3 
mg/kg)  and  intubated  with  a  cuffed  ETT  with  an  inner  di- 
ameter of  5.0  mm.  The  cuff  was  inflated  to  prevent  air 
leak.  ETT  location  was  confirmed  by  direct  visualization 
with  a  bronchoscope.  After  intubation,  the  animal  was 
placed  into  a  sling  mounted  in  a  thermally  controlled 
chamber.  Humidification  was  maintained  by  a  heat  and 
moisture  exchanger  (HME)  attached  directly  to  the  ETT 


*Manufacturers  and  suppliers  are  identified  in  the  Product  Source 
section  at  tfie  end  of  the  text. 


(Fig.  1)  Supplemental  intravenous  anesthesia  was  adminis- 
tered continuously  via  the  external  jugular  venous  catheter 
(midazolam  0.3  mg  ■  kg'  ■  h  ',  propofol  10  mg  •  kg'  h')  to 
maintain  a  level  of  sedation  at  which  the  animal  was  asleep 
and  breathing  spontaneously  and  when  aroused  with  inter- 
ventions or  stimulation,  returned  to  sleep  spontaneously. 
Each  animal  was  randomly  assigned  to  either  PS  or  CPAP 
and  studied  during  both  flow-triggering  and  pressure-trig- 
gering according  to  blocks  of  4  treatments  administered  in 
random  order. 

Throughout  the  experiment,  the  animal's  heart  rate,  respi- 
ratory frequency,  arterial  blood  pressure,  oxygen  saturation 
by  pulse  oximetry,  and  temperature  were  monitored  continu- 
ously with  a  physiologic  monitor.  The  level  of  sedation  was 
clinically  monitored.  In  addition,  esophageal  pressure  (Pes) 
as  an  estimate  of  intrapleural  pressure  was  measured  with  a 
balloon  catheter  inserted  into  the  esophagus.  Correct  position 
of  the  esophageal  balloon  was  confirmed  by  several  meth- 
ods. Endoscopy  was  performed  in  the  first  two  animals  stud- 
ied, to  confirm  placement  in  the  lower  one  third  of  the  esoph- 
agus. Necropsy  was  performed  on  these  two  animals  to  con- 
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finr\  appropriate  fit  of  the  balloon.  Also,  placement  of  all  bal- 
loons was  confimied  using  the  occlusion  test.'"  During  the 
occlusion  test,  the  proximal  airway  of  the  animal  was  occlud- 
ed and  the  change  in  airway  pressure  and  Pes  was  assessed 
during  spontaneous  inspiratory  effort.  If  the  pressure  deflec- 
tions were  of  equal  magnitude,  the  catheter  was  confirmed  to 
be  optimally  placed. 

Equipment  Setup 

The  tlow  transducer  of  the  respiratory  monitor  was  po- 
sitioned between  the  Y-piece  of  the  breathing  circuit  and 
the  HME  (Fig.  1)  to  measure  the  accumulation  of  flow  for 
volume  determinations."  Mean  airway  pressure  (Paw)  was 
measured  directly  from  the  flow  transducer.  The  esophageal 
balloon  and  flow  transducer  were  connected  to  the  respira- 
tory monitor  that  provided  real  time  calculations  and  dis- 
play of  tidal  volume  (Vj).  WOB  for  the  animal  (the  lung 
and  breathing  apparatus.  WOBp).  WOB  by  the  ventilator 
(WOBv).  Pes-  inadvertent  positive  end-expiratory  pressure 
(auto-PEEP).  and  pressure-time  product  (PTP).  These  data 
were  continuously  downloaded  to  a  computer.  WOBp  was 
calculated  by  integrating  the  area  of  the  Pcs-Vj  loop  from 
the  start  of  inspiration  either  until  the  end  of  inspiration  or 
until  Pes  pressure  became  greater  than  end-expiratory  Pes" 
WOBv  was  calculated  by  integrating  the  area  of  the  airway 
pressure-volume  loop.  PTP  was  calculated  by  integrating 
Pes  (end-expiratory  Pes  -  current  Pes),  and  time  for  the  du- 
ration of  contraction  of  the  respiratory  muscles  (current 
Vj/chest-wall  compliance  [CewD-  C^w  was  assumed  to  be 
200  mL/cm  H2O.  The  SV  300  has  pediatric,  adult,  and 
neonatal  options,  providing  distinctive  flow  ranges  for 
each  patient  group.  All  studies  were  performed  using  the 
pediatric  options.  In  the  pediatric  flow  range,  the  ventilator 
provides  bias  flow  of  1  L/min.  When  the  demand  valve  is 
triggered,  inspiratory  flow  of  30  L/min  is  available  to 
maintain  set  pressure.  The  ventilator  attempts  to  maintain  a 
pressure  of  2  cm  HiO  above  set  PEEP  in  CPAP  during  in- 
spiration. During  pressure-triggering,  the  sensitivity  can  be 
set  from  0  to  -1 7  cm  H^O.  However,  it  is  important  to  note 
that  the  animal  must  overcome  the  bias  flow  in  addition  to 
the  set  negative  pressure  to  initiate  inspiratory  flow.  Flow- 
triggering  is  selected  by  turning  the  dial  into  the  green  or 
red  area,  and  sensitivity  is  increased  as  the  dial  is  moved 
toward  the  red  area.  Flow  is  sensed  at  the  expiratory  flow 
transducer.  The  trigger  sensitivity  is  determined  as  the  dif- 
ference between  inspiratory  flow  and  expiratory  flow.  At 
any  setting  within  the  green  marking,  a  breath  is  initiated 
when  the  subject's  inspiratory  effort  results  in  a  momen- 
tary drop  in  flow  of  0.3-1  L/min  when  the  pediatric  mode 
is  selected. 

The  custom  metabolic  monitoring  system  iilili/cd  to 
measure  Vo,  was  an  open-circuit,  breath-by-brcalh  monitor 


consisting  of  a  mass  spectrometer  and  flow-measuring 
pneumotachographs  and  interfaced  with  a  desktop  comput- 
er. The  mass  spectrometer  was  configured  to  precisely  ana- 
lyze inspired  and  end-tidal  concentrations  of  oxygen,  car- 
bon dioxide,  and  nitrogen.  The  volumes  of  respiratory 
gases  were  calculated  from  gas  flow  measured  with  differ- 
ential pressure  pneumotachographs  attached  to  pressure 
transducer-carrier  demodulators.  A  dual-pneumotacho- 
graph  configuration  was  used  to  reduce  respiratory  dead 
space  and  provide  accurate  volume  measurements  during 
bias  tlow  ventilation.  This  system  has  been  validated  by  our 
group.'- The  pneumotachographs  were  heated  with  heater 
shells  to  40°  C  to  reduce  condensation  during  the  experi- 
ments. The  measured  concentrations  and  derived  volumes 
of  gas  were  fed  continuously  to  a  486/50  MHz  computer 
via  an  A/D  interface  with  the  mass  spectrometer  and  the 
pressure  transducers-demodulators.  Vq:  was  computed  and 
stored  for  future  analysis.  Volume  calibration  of  the  pneu- 
motachographs was  performed  with  calibration  syringes, 
and  gas  calibration  of  the  mass  spectrometer  was  per- 
formed using  standard  respiratory  gas  mixtures  {]b9c  O2. 
4%  Co:,  balance  N2:  5%  Cp,.  balance  N::  and  \007c  O2,. 
Minute  ventilation  (Ve),  Vq:,  and  respiratory  exchange 
ratio  (/?)  are  measured  noninvasively  by  attaching  the  prox- 
imal end  of  the  endotracheal  tube  to  a  custom-made  T-piece 
with  pneumotachographs  attached  on  either  side.  The  port 
for  the  mass  spectrometer  sampling  capillary  is  also  in  this 
T-piece.  Prior  to  and  after  each  experiment,  a  validation 
study  utilizing  the  Servo  900C  ventilator,  which  does  not 
have  bias  flow,  was  performed  with  the  Douglas  bag-Tissot 
method.  The  Fio:  was  0.21  during  the  validation.  The  aver- 
age validation  errors  [%  (SD)]  were:  Vh.  0.26  (2.8)%:  V02, 
1.1  (3.6)%;  Vco:  (carbon  dioxide  production).  0.48  (4)%; 
and  R,  0.54  (2)%  (n  =  1 14).  The  electrical  safety  of  this  sys- 
tem was  certified  by  the  Biomedical  Services  Department  of 
Arkansas  Children's  Hospital. 

Study  Design 

In  each  experiment,  the  animal  was  randomly  assigned 
to  either  PS  =  5  cm  H^O  or  CPAP  =  0  cm  H.O  with  PEEP 
=  0  cm  H2O  and  studied  with  flow-triggering  and  pressure- 
triggering.  Randomization  was  performed  utilizing  a  block 
method  in  blocks  of  4  experiments.  Flow -triggering  was 
set  by  moving  the  trigger  sensitivity  into  the  middle  of  the 
green  area  and  pressure-triggering  was  set  at  -2  cm  H2O. 
Inspiratory  rise  time  (IRT'/r )  was  set  at  5%.  Inspiratory 
llow  was  set  in  the  pediatric  range  setting.  The  Fio:  was  .set 
at  0.21  during  all  studies.  Each  animal  was  used  as  its  own 
control.  Each  study  variable  was  recorded  for  10  minutes 
during  each  triggering  mode  but  only  after  steady  state  had 
been  established.  Animals  were  considered  to  have  a  stable 
baseline  when  they  ( 1 )  had  a  body  temperature  38.5-39.5° 
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C;  (2)  were  arousable  only  with  stimulation  and  returned 
to  sleep  spontaneously;  and  (3)  had  a  stable  baseline  of 
V02,  and  R  confirmed  by  a  continuous  graphic  display. 
Between  experimental  conditions,  the  animal  was  allowed 
to  rest  for  at  least  5  minutes  until  a  return  to  pre-study  lev- 
els of  respiratory  rate,  V02,  and  WOBp  could  be  observed. 
During  each  of  the  4  experimental  conditions — combina- 
tion of  mode  and  trigger — 50  breaths  were  chosen  for 
analysis  of  WOBp,  WOBv,  and  PTP.  Ten  30-second  aver- 
ages were  selected  for  the  calculation  of  Vqi.  Thirty  exper- 
iments in  the  4  animals  were  performed.  Wilcoxon  rank- 
sum  tests  were  performed  to  test  for  significant  differences 
in  the  variables  among  the  experimental  conditions.  We 
considered  p  <  0.05  significant. 

Results 

The  animals'  respiratory  frequency  and  minute  ventila- 
tion were  not  clinically  different  between  mechanisms  of 
triggering.  Mean  (SD)  respiratory  frequency  was  31  (11) 
for  animals  breathing  in  CPAP  and  26  (8)  for  PS.  Tidal 
volume  was  71  (9)  mL  for  animals  breathing  in  CPAP  and 
79  ( 10)  mL  for  PS.  Auto-PEEP  was  not  detected  in  either 
group.  Values  of  WOBp,  WOBv,  PTP,  P^,.  and  Vq:  for 
CPAP  and  for  PS  are  shown  in  Table  1 .  We  found  a  47% 
reduction  in  WOBp  during  PS  and  a  19%  reduction  during 
CPAP  with  flow-triggering  compared  to  pressure-trigger- 
ing. We  found  a  44%  reduction  in  PTP  during  PS  and  a 
18%  reduction  during  CPAP  with  flow-triggering  as  com- 
pared to  pressure-triggering.  Finally,  V02  was  3%  less  dur- 
ing pressure  support  and  1.8%  less  during  CPAP  with 
flow-triggering  as  compared  to  pressure-triggering. 

Discussion 

Preliminary  work  in  our  laboratory,  comparing  the 
Servo  900C  and  the  SV  300  in  PS  and  CPAP  modes 
demonstrated  that  WOBp  was  significantly  decreased  with 
the  SV  300  compared  to  the  900C.'-^  Our  speculation  that 
the  ventilator's  trigger  mechanism  might  contribute  to  the 
difference  in  WOB  between  these  two  systems  led  to  the 


performance  of  this  study.  Utilizing  endotracheal  tubes 
and  ventilator  volumes  comparable  to  those  used  in  pedi- 
atric patients,  we  tested  the  hypothesis  that  flow-triggering 
would  reduce  WOB  in  young  lambs  ventilated  with  the  SV 
300.  Our  results  support  this  hypothesis.  Our  findings  are 
consistent  with  previous  studies  that  demonstrated  a  de- 
crease in  WOB  with  flow-triggering.- '  However,  whereas 
the  previous  studies  compared  the  "flow-by"  system — 
flow-triggering  with  bias  flow — to  pressure-triggering 
without  bias  flow,  our  study  compared  flow-triggering  to 
pressure-triggering  with  bias  flow  present  in  both  situa- 
tions. It  appears  intuitive  that  bias  flow  could  increase 
WOB  during  pressure-triggering  because  the  bias  flow 
must  be  overcome  before  the  demand  valve  can  open. 
Although  our  study  shows  greater  WOB  with  pressure- 
triggering,  our  experiment  was  not  designed  to  examine 
the  effects  of  bias  flow.  In  a  previous  study,  we  found  that 
WOBp  in  the  900C  during  pressure-triggering  (without 
bias  flow)  is  greater  than  WOBp  for  the  SV  300  during 
pressure-triggering  with  bias  flow."  There  are  numerous 
differences  between  these  two  ventilators  that  may  influ- 
ence WOB.  However,  this  relationship  has  not  been  exam- 
ined in  a  ventilator  that  has  pressure-  and  flow-triggering 
mechanisms.  We  plan  to  pursue  studies  to  define  this  rela- 
tionship. 

Sassoon  and  associates  have  demonstrated  decreased 
WOB  in  adult  volunteers'  and  in  patients  with  COPD* 
when  the  "flow-by"  system  was  compared  to  CPAP  with 
pressure-triggering.  In  healthy  adult  volunteers,-'  they 
found  a  significant  decrease  in  inspiratory  WOB  at  CPAP 
levels  of  5  and  1 0  cm  H2O  but  not  at  a  CPAP  of  0  cm  H2O. 
In  intubated  patients  with  COPD  recovering  from  acute 
respiratory  failure,  a  significant  difference  of  approximate- 
ly 30%  was  demonstrated  with  "flow-by"  compared  to 
pressure-triggering  at  a  CPAP  of  0  cm  HiO.*  These  results 
are  consistent  with  ours.  The  improvement  seen  at  0  cm 
H2O  CPAP  in  our  study  and  in  the  COPD  patients  as  com- 
pared to  nonintubated  healthy  adults  may  be  due  to  differ- 
ences in  resistance  created  by  endotracheal  tubes  and  dis- 
eased lungs.  It  is  possible  that  both  the  COPD  patients  (be- 
cause of  their  disease)  and  our  animals  (because  of  the 


Table  1.  Mean  (SD)  Data  for  Work  of  Breathing  for  the  Animals  (WOBp)  and  the  ventilator  (WOBv).  Pressure-Time  Product  (PTP),  Esophageal  Pressure 

(Pes),  and  Oxygen  Consumption  (Vq;)  during  Flow-  and  Pressure-Triggering  in  Pressure  Support  (PS)  and  Continuous  Positive  Airway  Pressure 

(CPAP)  Modes  ofVentilation 


CPAP 


PS 


Variable 

Flow-Triggering 

Pressure-Triggering 

p  Value 

Flow-Triggering 

Pressure-Triggering 

p  Value 

WOBp  (J/L) 

0.42(0.16) 

0.52(0.21) 

<  0.001 

0.17(0.15) 

0.32(0.19) 

<  0.001 

WOBv  (J/L) 

0.17(0.04) 

0.16(0.07) 

0.236 

0.48  (0.04) 

0.40(0.02) 

<  0.001 

PTP  (cm  H2O 

s  ■  min') 

64.2  (30.6) 

78.0(38.9) 

<  0.001 

28.1  (23.5) 

50.2(22.8) 

<  0.001 

Pes  (cm  H2O) 

5.67(2.31) 

6.63(2.65) 

<  0.001 

2.81  (2.46) 

4.95(3.28) 

<  0.001 

Vo,  (mL  ■  kg  ' 

•  min') 

5.28(0.82) 

5.38(0.81) 

<  0.001 

6.11(0.80) 

6.30(0.81) 

<  0.001 
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small  diameter  of  their  endotracheal  tubes)  had  an  increase 
in  airway  resistance  making  it  more  difficult  for  them  to 
trigger  the  demand  valve. 

In  a  recent  report  by  Jager  et  al'^'on  7  adults  with  COPD 
who  were  weaning  from  mechanical  ventilation,  no  differ- 
ence was  found  in  WOB  between  tlow-triggering  with  a 
sensitivity  of  3.0  L/min  and  pressure-triggering  with  an 
unspecified  sensitivity,  at  a  bias  flow  of  20  L/min.  Because 
high  bias  flow  has  been  shown  to  contribute  to  increased 
WOB,"  we  used  a  bias  tlow  of  1  L/min.  Jager  and  associ- 
ates''' found  intrinsic  PEEP  in  3  of  the  7  patients  during 
flow-triggering:  this  may  have  affected  these  patients" 
WOB.  Finally,  their  study  was  designed  to  detect  a  50% 
difference  between  flow-  and  pressure-triggering  and,  as 
they  state,  may  not  have  had  sufficient  statistical  power  to 
detect  smaller,  albeit  meaningful,  differences. 

WOB  in  healthy  adults  is  approximately  0.4-0.7  J/L.'*" 
As  discussed  by  Branson  in  a  recent  editorial,"  these  refer- 
ence values  should  be  considered  when  interpreting 
changes  in  WOB.  The  normal  values  for  WOB  in  pediatric 
patients  are  not  known.  The  values  for  WOBp  obtained  in 
our  study.  0.42-0.52  J/L  for  CPAP  and  0.17-0.32  J/L  for 
PS,  are  similar  to  the  reference  values,  indicating  that  the 
differences  we  noted  may  be  clinically  important.  Our  ex- 
periment was  performed  in  an  animal  model,  and  normal 
WOB  for  these  animals  is  not  known.  However,  we  have 
acquired  extensive  experience  with  these  animals  in  our 
laboratory  and  have  found  that  all  values  for  WOB  have 
fallen  consistently  into  this  range.  The  lower  values  for 
WOB  during  PS  were  anticipated,  as  this  mode  is  intended 
to  relieve  some  of  the  work  imposed  by  the  ventilator  sys- 
tem. 

PTP  has  been  used  as  an  indicator  of  the  oxygen  cost  of 
breathing."*  We  found  a  significant  reduction  in  PTP  with 
flow-triggering.  Our  study  also  demonstrated  a  consistent 
trend  toward  a  reduction  in  Vq;  with  flow-triggering.  The 
oxygen  consumed  by  WOB  is  a  small  percentage  of  total 
Vf):.  therefore  we  did  not  expect  to  see  a  difference  in  Vq: 
in  this  healthy  animal  model.  Because  the  difference  falls 
within  the  range  of  error  for  our  measurement  technique, 
we  believe  it  cannot  be  considered  clinically  important. 
However,  we  find  this  trend  interesting  when  examined  in 
light  of  the  other  values  measured. 

A  possible  limitation  in  the  methodology  of  our  study 
includes  the  estimated  compliance  of  the  chest  wall  in  the 
calculation  of  PTP.  The  Bicore  monitor  assumes  a  Ci^-v.  of 
200  mL/cm  H^O.  Nothing  suggested  that  compliance  was 
changing  in  our  healthy  animals  during  the  course  of  the 
study;  so.  this  unchanging  value  for  Qw  should  not  affect 
our  findings.  Blanch  and  Banner'''  recently  reported  the 
validation  of  new  software  for  the  Bicore  monitor  that  in- 
cludes a  measured  Ccw-  Their  findings  should  be  especially 
useful  in  obtaining  more  accurate  measurements  of  WOB 


in  patients  with  lung  disease  and  varying  compliance.  In 
our  study,  however,  if  changes  in  compliance  did  occur, 
the  random-block  study  design  should  have  negated  their 
effects. 

The  use  of  an  HME  for  inspired-gas  humidification  is 
another  possible  limitation  of  our  study.  The  HME  was 
used  primarily  to  protect  the  expiratory  pneumotach  from 
moisture.  Ploysongsang  and  colleagues-"-'  have  demon- 
strated increased  resistance  with  these  devices.  This  could 
make  it  more  difficult  for  the  animal  to  trigger  the  ventila- 
tor during  pressure-triggering  than  during  flow-triggering 
due  to  the  potential  pressure  drop  across  the  device. 
However,  Ploysongsang  and  colleagues-'  postulated  that 
this  pressure  drop  was  clinically  important  only  in  patients 
with  poor  pulmonary  reserve  and  when  used  for  long  peri- 
ods of  time.  These  conditions  do  not  apply  to  our  animal 
model.  We  believe  it  is  unlikely  that  a  significant  amount 
of  increased  resistance  was  imposed  on  the  animals  by  the 
HME.  However,  in  the  presence  of  increased  resistance, 
flow  triggering  may  offer  an  advantage  over  pressure-trig- 
gering. The  presence  of  an  HME  may  be  comparable  to 
clinical  scenarios  seen  in  pediatric  practice  in  which  in- 
creased resistance  is  caused  by  small  endotracheal  tubes 
and  other  devices  in  the  circuit. 

In  this  study,  we  chose  to  set  the  pressure  sensitivity 
during  pressure-triggering  at  -2  cm  H2O.  This  setting  re- 
flects common  clinical  practice  in  our  institution.  Pressure- 
triggering  sensitivity  in  pediatric  patients  is  routinely  set  at 
-2  cm  H2O  or  a  less  sensitive  setting.  Most  pediatric  pa- 
tients intubated  with  uncuffed  endotracheal  tubes  have 
some  degree  of  air  leak  that  can  cause  the  ventilator  to 
auto-trigger.  We  believe  this  represents  a  limitation  of  the 
use  of  the  pressure-triggering  and  flow-triggering  modes 
in  pediatric  patients.  However,  in  the  flow-triggering 
mode,  a  large  leak  is  necessary  to  generate  a  change  in 
flow  of  sufficient  magnitude  to  cause  auto-triggering.  A 
further  step  in  this  research  might  be  to  study  pediatric  pa- 
tients using  similar  methodology.  This  would  require  the 
use  of  a  similar  pressure-triggering  sensitivity  to  avoid 
auto-triggering. 

Few  investigations  have  studied  WOB  in  the  pediatric  age 
group.  Using  negative  deflection  of  esophageal  pressure  as  a 
measurement  of  breathing  effort,  Nishimura  et  aH  studied  rab- 
bits during  flow-triggering  and  pressure-triggering  in  both  PS 
and  CPAP  modes.  A  significant  decrease  in  breathing  eflbrt 
was  noted  with  flow-triggering  over  pressure-U-iggering  in  the 
presence  of  a  3.0-mm  endoU-acheal  tube,  but  not  in  the  pres- 
ence of  a  4.()-mm  tube.  This  study  was  pert'ormed  with  a  venti- 
lator designed  primarily  for  adult  use,  the  Puritan-Bennett 
(PB)  72(X)ae.  Technical  difficulties  were  encountered — dou- 
ble cycling  during  pressure-triggered  CPAP  and  asynchrony 
between  the  ;uiimal  and  ventilator  during  expiration  during 
pressure-triggered  PS.  Our  study  utilized  5.()-mm  endotracheal 
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tubes  and  a  ventilator  designed  for  use  in  pediatric  patients. 
We  documented  significant  decreases  in  both  WOBp  and  Pes 
with  flow-triggering  compiired  to  pressure-triggering.  We  be- 
lieve that  the  decreased  WOB  seen  duiing  flow-triggering  is 
important  to  help  offset  WOB  due  to  the  increased  resistance 
caused  by  small  endotracheal  tubes  and  other  devices  routine- 
ly used  for  pediatric  patients. 

The  clinical  application  of  a  ventilator  with  a  pediatric 
flowrate,  using  flow  settings  designed  for  infants  and  chil- 
dren and  an  adjustable  inspiratory  rise-time  percent,  may  im- 
prove patient  synchrony  and  maximize  the  benefits  of  flow- 
triggering.---'  The  SV  300  has  clinician-detemiined  IRT'7r 
that  sets  the  time  period  during  which  flow  or  pressure  in- 
creases to  its  preset  level  at  the  beginning  of  inspiration.  The 
range  of  this  setting  is  from  0  to  10%  of  the  preset  breath- 
cycle  time.  When  this  control  is  set  at  zero,  flow  or  pressure 
increases  to  its  preset  level  instantly,  at  the  start  of  inspira- 
tion. In  our  study.  IRT'Tf  was  maintained  at  5%.  In  a  lung 
model  study,  Campbell  et  af  has  shown  that  faster  IRT9fs 
decrease  WOB.  However,  in  clinical  practice,  increased  air- 
way resistance  or  the  use  of  small  endotracheal  tubes  may  re- 
quire the  use  of  slower  rise  times.-^  Further  study  is  indicated 
to  examine  the  effect  of  variations  in  IRT%  on  the  WOB 
with  flow-triggering.  Increasing  flowrates  have  been  shown 
to  significantly  increase  the  WOB  associated  with  smaller 
endotracheal  tubes  in  studies  of  adults,  intubated  with  6.0- 
mm  to  9.0-mm  endotracheal  tubes.'  Flowrates  appropriate  to 
the  patient  may  decrease  WOB. 

Our  study  was  not  designed  to  determine  the  mecha- 
nism of  the  reduction  in  WOB  with  flow-triggering  in  the 
SV  300.  In  .studies  utilizing  the  PB  VZOOa,'^"  the  mecha- 
nism for  the  reduction  in  WOB  has  been  partially  attribut- 
ed to  a  smaller  drop  in  airway  pressure  at  the  onset  of  in- 
spiration in  the  flow-triggered  system.  Sassoon  et  al'-''-^ 
have  suggested  that  this  smaller  pressure  drop  is  related  to 
the  preset  base  (or  bias)  flow,  the  sensitivity  of  the  flow- 
trigger  mechanism,  and  the  increased  flowrate  of  fresh  gas 
added  at  the  onset  of  inspiration.  These  investigators 
demonstrated  that  a  drop  in  pressure  of  twice  the  preset 
pressure  sensitivity  is  often  required  to  open  the  demand 
valve  in  pressure-triggering,  while  the  mean  drop  in  air- 
way pressure  was  <  I  cm  HiO  during  flow-triggering,  with 
the  sensitivity  set  at  2  L/min.'  Flow-triggering  on  the  SV 
300  is  set  by  turning  the  dial  into  the  red  or  green  area, 
with  sensitivity  increasing  as  the  dial  is  turned  toward  the 
red  area.  Further  studies  are  indicated  to  determine  what 
sensitivity  or  dial  position  offers  maximum  benefit  to  pedi- 
atric patients  in  the  different  modes  of  this  ventilator. 

The  decreased  WOB  demonstrated  by  Sassoon  et  al''^  in 
the  PB  7200a  has  also  been  partially  attributed  to  the  post-trig- 
ger phase.  The  limit  variable  for  the  "flow-by"  system  is  dif- 
ferent than  in  pressure-triggering.  During  pressure-triggering, 
this  ventilator  attempts  to  maintain  a  pressure  equal  to  set- 


PEEP  minus  the  pressure  sensitivity  during  inspiration.  During 
flow-triggering,  it  attempts  to  maintain  a  pressure  of  0.5  cm 
HiO  above  set-PEEP,  so  that,  effectively  a  small  amount  of 
pressure  support  is  applied.  This  could  contribute  to  the  de- 
creased WOB  found  during  flow-triggering. -•*  The  SV  300  at- 
tempts to  maintain  a  pressure  that  is  2  cm  HiO  above  set- 
PEEP  during  inspiration  in  both  pressure-  and  flow-triggering 
modes.  Although  this  could  decrease  WOB  in  both  modes,  it 
should  not  affect  the  difference  between  pressure-  and  flow- 
Uiggering.  The  cycle  variable  on  the  PB  7200a  is  also  different 
from  that  of  the  SV  300.  During  pressure-Uiggering  the  PB 
7200a  is  pressure-cycled  and  during  flow-triggering  it  is  flow- 
cycled,  whereas  the  SV  300  is  flow-cycled  with  both  trigger- 
ing mechanisms.  The  components  of  the  algorithm  of  the  SV 
300  ventilator  that  help  to  decrease  WOB  require  further  in- 
vestigation. 

WOBv  during  flow-triggered  PS  was  greater  than  dur- 
ing pressure-triggered  PS.  WOBv  is  altered  by  changes  in 
compliance,  resistance,  subject  effort,  and  the  level  of  sup- 
port applied.  Because  we  have  no  evidence  that  compli- 
ance, resistance,  or  level  of  support  changed  during  the  ex- 
periment we  can  only  speculate  that  the  subject's  effort 
was  less  during  flow-triggering  than  during  pressure-trig- 
gering. This  increase  in  WOBv  may  explain  some  of  the 
advantages  seen  during  flow-triggering  compared  to  pres- 
sure-triggering when  PS  is  used.  Although  many  studies 
have  compared  WOB  during  flow-triggering  and  pressure- 
triggering,  few  have  been  performed  in  patients  with  respi- 
ratory disease  or  in  experimental  models  of  lung  disease. 
Ventilated  patients  in  respiratory  failure  have  varying  de- 
grees of  increased  WOB  resulting  from  pathologic 
changes  in  lung  compliance  and/or  airways  resistance. 
Also,  patients  with  poor  pulmonary  reserve  are  sometimes 
less  able  to  tolerate  the  WOB  imposed  on  them  by  me- 
chanical ventilation.  We  plan  to  compare  flow-triggering 
and  pressure-triggering  in  an  animal  model  of  pathology- 
induced  increased  work  of  breathing. 

Conclusions 

Flow-triggering  with  the  Servo  Ventilator  300  using 
CPAP  (0  cm  H2O)  and  PS  (5  cm  HjO)  reduced  WOB  when 
compared  to  pressure-triggering  in  intubated,  anesthetized, 
healthy  young  lambs.  This  study  was  the  first  to  use  a  venti- 
lator with  a  pediatric  flow  option  including  flowrates  and 
inspiratory  rise  times  designed  for  pediatric  patients. 
Endotracheal  tube  size  and  minute  ventilation  were  also 
similar  to  those  used  in  pediatric  patients.  We  demonstrated 
a  significant  reduction  in  WOB  and  FTP  in  both  PS  and 
CPAP  modes,  when  flow-triggering  was  used.  We  specu- 
late that  flow-triggering  may  offer  an  advantage  over  pres- 
sure-triggering in  pediatric  patients  who  require  mechani- 
cal ventilation. 
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PRODUCT  SOURCES 

Mechanical  \'entilator: 

Sen  o  Ventilator  3(X).  Siemens  Medical  Systems,  Piscataway  NJ 

Monitoring  and  Data  Processing  Equipment: 

Sirecusl  1261  Monitor.  Siemens  Medical  Systems,  Piscataway  NJ 

Respiratory  Monitor: 

Model  CP-I(X)  Cardiopulmonary  monitor.  Bicore  Monitoring  Systems, 
Ir\'ine,  CA 

Mass  Spectrometer: 

Perkm-Elmer  MGA  1 100,  Pomona  CA 

Pneumotachographs: 

Model  3600  (0-3.')  L/min),  and  heater  shells  and  control  units.  Model 
3850,  Hans  Rudolph  Inc.  Kansas  City  MO 

Pressure  Transducers: 

Model  MP-45.  Validyne  Engineering  Corp,  Sacramento  CA 

Carrier  Demodulators: 

Model  CD- 15,  Validyne  Engineering  Corp,  Sacramento  CA 

Desktop  Computer 

Model  2000  (486/50  DX2),  Gateway,  North  Sioux  City  SO 

Data-Collection  Software: 

OUS  2.3,  Con.sentius  Technologies,  Sandy  UT 

Statistical  Analysis  Software: 

SPSS  version  6. 1 .  SPSS  Inc.  Chicago  IL 

Calibration  Syringe: 

Model  55 10  ( 100  mL),  Hans  Rudolph  Inc,  Kansas  City  MO 

Heat  &  Moisture  Exchanger: 

Ponex  Humidivent  600.  Keene  NH 

Sedating  Drugs: 

Propolol  (Diprivan,  injection),  Stuart  Pharmaceuticals,  Wilmington  DE 
Midazolam  HCI  (Versed),  Roche  Laboratories,  Nutley  NJ 
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Development  of  a  Safety  Module  To  Satisfy  the  Requirements  of 
Regulatory  Agencies  for  Hospital  Staff  Safety  Education 

Gary  R  Lowe  BS  RRT 

BACKGROUND:  We  developed  a  self-administered  safety  module  (SM)  to  instruct 
respiratory  care  (RC)  employees  in  their  responsibilities  during  emergency  situa- 
tions. The  SM  has  five  phases — a  pretest  (PRE),  statement  of  module  objectives, 
presentation  of  information  in  outline  form,  a  posttest  (POST),  and  review  of  the 
POST.  This  training  meets  the  specific  requirements  outlined  by  the  Occupational 
Safety  and  Health  Administration  and  the  Joint  Commission  on  Accreditation  of 
Healthcare  Organizations.  METHODS:  To  evaluate  the  effectiveness  of  the  SM,  we 
compared  test  scores  among  three  groups  of  employees:  those  with  no  previous  ex- 
posure to  safety  education  in  the  hospital  setting  (GI),  those  with  exposure  at  other 
institutions  (G2).  and  those  with  exposure  at  this  institution  (G3).  Our  goal  was  to 
equalize  the  POST  scores  among  the  three  groups.  Using  a  1-way  analysis  of  vari- 
ance, we  tested  to  find  whether  the  PRE  scores  were  different  from  one  another  and 
repeated  the  test  for  the  POST  scores.  We  tested  for  within-group  differences,  PRE 
vs  POST,  using  paired  /  tests.  RESULTS:  Previous  exposure  to  hospital  safety  man- 
agement was  associated  with  significantly  higher  PRE  scores  (p  <  0.001).  No  previ- 
ous exposure  was  associated  with  the  greatest  improvement  (POST  vs  PRE),  al- 
though all  groups  experienced  significant  improvement  (p  <  0.05).  The  POST  scores 
for  Gl  were  significantly  lower  than  those  of  either  G2  or  G3  (p  <  0.001 ).  However, 
they  were  still  adequate  to  pass  (>  80%).  CONCLUSION:  This  self-administered 
SM  is  an  effective  and  efficient  method  of  educating  RC  personnel,  regardless  of 
entry-level  knowledge,  in  safety  issues  and.  although  the  POST  scores  were  not  sta- 
tistically equalized,  these  scores  were  all  sufficient  to  pass.  Further  evaluation  of 
this  process  will  include  assessment  of  knowledge  retention  among  employees. 
IRespir  Care  1995;4()(  1  ):35-38.| 


Background 

In  recent  years,  regulatory  agencies  have  increasingly 
focused  on  hospital  safety  issues  and  how  individual  em- 
ployees respond  to  threats  to  safety  and  to  unsafe  situa- 
tions. The  Occupational  Safety  and  Health  Administration 
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(OSHA)  requires  initial  and  annual  safety  training  for  em- 
ployees under  the  categories  of  Bloodborne  Pathogens 
Exposure'  and  Hazard  Communication.-  The  Joint 
Commission  on  Accreditation  of  Healthcare  Organizations 
(JCAHO)  has  also  mandated  initial  and  annual  training  in 
the  areas  of  general  safety  and  department-specific  safety 
as  outlined  under  the  Plant,  Technology,  and  Safety 
Management  (PTSM)  standards,'  OSHA  and  JCAHO  im- 
pose strict  guidelines  that  emphasize  safe  work  practices 
and  the  ability  of  personnel  to  function  appropriately  in 
emergency  situations.  The  development  of  policies  and 
procedures  to  satisfy  these  requirements  involves  consid- 
erable time  and  expense.  Therefore,  departments  can  bene- 
fit from  safety  programs  that  are  easily  accessible,  simple 
for  employees  to  complete  and  review,  and  easy  to  modify 
when  necessary. 

The  Safety  Department  at  Arkansas  Children's  Hospital 
(ACH)  faced  the  dilemma  of  training  all  hospital  employ- 
ees in  general  safety  as  well  as  tailoring  programs  to  fit  in- 
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dividual  departments.  To  achieve  this  major  tasic.  a  repre- 
sentative from  each  department  was  given  specialized 
training  as  a  Departmental  Safety  Coordinator  and  was 
charged  with  customizing  a  safety  program  specific  to  that 
department.  The  ACH  Safety  Department  did  not  restrict 
the  way  information  was  presented,  but  mandated  two  ob- 
jectives: (1)  teach  employees  about  safety  issues  and  (2) 
ensure  that  employees  can  function  appropriately  in  an 
emergency  situation.  To  accomplish  these  goals,  a  self-ad- 
ministered safety  module  (SM)  was  developed  for  the 
Respiratory  Care  Services  (RCS)  Department.  The  effec- 
tiveness of  the  module  was  evaluated  by  examining  pre- 
training  knowledge  versus  post-training  knowledge,  with  a 
prospective  goal  of  equalizing  the  post-training  knowledge 
among  three  study  populations. 


Methods 


Safety  Module 


A  self-administered  safety  module  was  designed  for  all 
employees  of  RCS.  The  module  followed  the  guidelines 
outlined  by  programs  in  use  at  industrial  and  health-care  in- 
stitutions,'" and  included  the  topics  specified  by  the  ACH 
Safety  Department  (eg,  fire  safety,  hazardous  materials 
management,  and  employee  injury).  The  SM  had  5  parts. 


Part  1-A  30-question  multiple-choice  test  was  given  to 
each  employee  to  evaluate  baseline  knowledge  of  safety 
issues  and  emergency  responses.  The  pretest  (PRE)  ques- 
tions were  not  reviewed  with  the  employees.  Table  1 
shows  two  examples  of  the  types  of  questions  that  ap- 
peared on  the  PRE. 

Part  2-Written  objectives  for  the  SM  were  presented  to 
the  employees  to  specify  what  they  were  expected  to  know 
upon  completion  of  the  module. 

Part  3-A  written  outline  that  emphasized  the  important 
points  of  responses  during  emergency  situations  was  pre- 
sented to  the  employee.  Table  2  is  a  list  of  topics  covered 
in  the  SM. 

Part  4-The  same  30-question  multiple-choice  test  (ie, 
post-test,  POST)  was  administered  again  upon  completion 
ofSM. 

Part  5-The  POST  was  reviewed  with  each  participant. 
Individuals  were  notified  in  writing  of  incorrect  responses 
to  test  questions.  Correct  responses  (answer  key)  were  pro- 
vided via  the  hospital  information  system  for  the  employ- 
ees' review. 

Study  Design  and  Sample 


Table  1 .   Examples  of  Test  Questions  Used  To  Assess  Performance  before 
and  after  the  Safety  Module 

What  are  the  RCS  responsibilities  during  a  fire? 

A.  Report  to  the  nearest  oxygen  zone  valve  in  the  fire  area 

B.  Start  evacuating  patients 

C.  Ixave  the  hospital  immediately 

D.  Call  the  Fire  Department 

E.  Respond  to  the  area  with  a  fire  extinguisher 
I.    AandB 

n.    A.  B.andC 

ni.    A.C.andE 

IV.    B.C.D.andE 

V.    AandE 

What  are  the  general  responsibilities  of  the  Hazard  Communication  Program? 

A.  Hazard  determination  of  ail  chemicals  produced  or  stored  in  the  RCS 

Department 

B.  Identification  and  provision  of  information  of  all  chemicals  to  em- 

ployees 

C.  Provision  of  Matcriiil  Safety  Data  Sheets  (MSDS) 

D.  Availability  of  all  information  to  employees 

H.  Instructions  on  how  to  dump  hazardous  chemicals  into  the  hopper  or 
sink 

I.    A.  B.andC 

II.    A  only 

III.    A.  B.  CD  and  E 

IV.    A.  B.C.  and  D 

V.    Eonly 

The  answers  to  the  above  questions  are  V  and  IV.  respectively. 


This  study  was  designed  to  evaluate  whether  the  SM  ac- 
complished the  objectives  of  the  safety  program.  To  test 
the  effectiveness  of  the  SM.  three  study  groups  were  iden- 
tified, and  data  were  collected  over  a  15-month  period. 


Table  2.  Safety  Topics  Reviewed  during  Pan  3  of  the  Respiratory  Care 
Services  Safety  Module 

Fire  safety  training 
Internal  disaster  response 
External  disa.ster  response 
Bomb  threat  response 
Severe  weather  response 
Cardiac/Respiratory  arrest  response 
Loss  of  liquid  oxygen  system  response 
Loss  of  compressed  gas  system  response 
Overview  of  infection  control  policies 

Bloodbome  pathogen  exposure 
Employee  injury  reptming 
Hazard  communication  pn)grani 
General  safely  considerations 

Electrical  safety 

Equipment  usage 

Utility  failure 

Equipment  failure 

High  risk  activities 
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Group  1  was  comprised  of  respiratory  care  students  who 
had  no  previous  exposure  to  safety  training  in  a  hospital 
setting.  They  had  some  exposure  to  safety  issues  through 
their  course  cumcuUim,  but  none  was  employed  at  a  hospi- 
tal when  the  testing  was  administered.  Group  2  consisted 
of  all  newly  hired  respiratory  care  employees  who  had 
been  exposed  to  safety  issues  at  previous  places  of  em- 
ployment. Group  3  was  comprised  of  respiratory  care  em- 
ployees who  had  been  exposed  to  safety  issues  previously 
at  this  institution.  The  goal  of  the  study  was  to  determine 
whether  POST  scores  could  be  equalized  among  the  three 
groups  using  SM,  regardless  of  the  level  of  previous  expo- 
sure to  safety  information. 

Results 

Group  1  consisted  of  20  employees,  2  of  whom  were 
support  staff.  Groups  2  and  3  consisted  of  1 1  and  84  em- 
ployees, respectively,  all  of  whom  were  clinicians.  All 
groups  demonstrated  an  improvement  in  POST  scores  with 
a  median  improvement  of  2Q7c  (p  <  0.05.  t  test).  Raw  score 
averages  of  the  three  groups  improved  by  47.5%  in  Group 
1,  by  30.5%  in  Group  2,  and  by  19.9%  in  Group  3  (Fig.  1). 
We  found  significant  differences  among  the  groups  for 
both  PRE  and  POST  (p  <  0.001,  ANOVA)  with  Group  1 
scores  less  than  both  other  groups.  However,  POST  scores 
were  not  numerically  very  different  (26.4,  28.0,  and  28.3 
for  Groups  1,  2,  and  3.  respectively). 


No  Exposure         Other  Exposure       ACH  Exposure 
Pretest  Status 

Fig.  1 .  Mean  +  SD  of  PRE  and  POST  scores  for  each  group.  *p  < 
0.05  (ANOVA). 


Discussion 

Our  RCS  department  has  identified  certain  logistical  re- 
alities that  must  be  considered  when  implementing  a  safety 
program  for  a  staff  of  approximately  150  employees. 
Among  them  are  ( 1 )  the  dissemination  of  information  in  an 
expeditious  manner  because  time  spent  in  safety  training 
takes  the  employee  away  from  other  duties;  (2)  the  need  to 
effectively  address  the  varying  responsibilities  among  all 
RCS  employees,  including  department  support  staff,  ad- 
junct staff,  and  credentialed  respiratory  care  practitioners; 
and  (3)  effective  presentation  of  the  information  to  accom- 
plish the  goals  of  the  safety  program.  The  self-adminis- 
tered format  was  chosen,  and  the  SM  was  first  implement- 
ed in  1992.  This  format  is  based  on  other  successful  adult 
teaching  methodologies,  such  as  the  Pediatric  Advanced 
Life  Support  course  presented  by  the  American  Heart 
Association.*"  that  expose  participants  to  new  information 
in  each  phase  of  the  process. 

A  minimum  test  score  of  24/30  (80%)  was  required  for 
successful  completion  of  the  module.  The  median  test 
score  among  the  three  study  groups  was  27.6/30  (92%). 
Employees  who  scored  below  80%^  were  remediated  by  re- 
peating the  SM.  Only  two  department  support  employees 
required  remediation. 

The  goal  of  equalizing  post-training  test  scores  in  the 
three  study  populations  was  not  attained  in  the  statistical 
sense.  Groups  2  and  3.  with  previous  exposure  to  hospital 
safety  issues,  had  significantly  higher  PRE  and  POST 
scores.  However,  the  POST  scores  were  numerically  com- 
parable among  the  groups. 

In  addition  to  annual  presentation  of  the  SM,  an  annual 
safety  audit  is  used  to  evaluate  employees"  readiness  to  deal 
with  emergency  situations  in  an  organized  manner.  During 
the  audit,  a  representative  of  the  ACH  Safety  Department 
questions  randomly  selected  employees  about  mandated  de- 
partmental responses  to  safety  issues.  Questions  include  ( 1 ) 
What  is  a  Doctor  Red?  (2)  What  do  you  do  if  you  discover  a 
fire?  (3)  What  is  a  Code  Tango?  (4)  What  is  a  Code  Green 
and  where  do  you  report?  (5)  What  is  an  MSDS?  (6)  Show 
me  the  MSDS  on  isopropyl  alcohol.  Each  employee  is  grad- 
ed on  his/her  response,  and  the  results  are  sent  to  employee's 
area  administrator. 

We  acknowledge  some  limitations  to  this  study.  Initially, 
this  project  was  not  begun  as  a  scientific  research  project. 
Our  goal  was  to  satisfy  the  regulations  set  down  by  OSHA, 
JCAHO,  and  the  ACH  Safety  Department.  As  the  initial  data 
were  generated,  we  decided  to  perfomi  an  analysis  to  find 
whether  the  POST  scores  could  be  equalized  in  three  study 
populations.  It  was  at  this  point  that  we  began  to  prospective- 
ly collect  data  for  this  study.  This  process  is  an  illustration  of 
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how  properly  designed  quality  assurance  projects  can  be 
used  to  scientifically  validate  both  the  practice  and  perfor- 
mance of  respiratory  care. 

The  validity  of  using  the  same  test  after  the  presentation 
of  the  information  can  be  challenged.  However,  our  goal  was 
to  ensure  that  RCS  employees  learned  and  retained  the  infor- 
mation. We  believe  that  repetition  enhances  knowledge  re- 
tention, and  that  retention  would  be  enhanced  by  using  the 
same  test.  The  employees  did  not  know  prior  to  the  comple- 
tion of  the  module  that  they  would  be  given  the  same  test. 
Although  these  limitations  could  detract  from  the  study  re- 
sults, we  offer  a  program  that  can  be  used  to  ensure  that  em- 
ployees have  the  knowledge  they  need  to  function  appropri- 
ately during  emergencies. 

We  also  wanted  to  know  how  our  safety  program  com- 
pared to  those  used  at  other  institutions.  In  an  infomial  sur- 
vey of  four  other  institutions,  we  obtained  a  wide  range  of  re- 
sponses. One  institution  simply  requires  the  employee  to 
read  the  procedure  manual  and  sign  a  statement  to  this  effect. 
Another  institution  has  a  mass  safety  in-service,  and  after  a 
45-minute  lecture  each  employee  signs  a  roster.  We  believe 
our  program  is  superior  to  these  methods  of  teaching  in  that 
we  hold  the  individual  employee  accountable  for  knowing 
the  proper  responses.  Our  entire  testing  process  also  provides 
documentation  for  regulatory  agencies. 

To  improve  the  effectiveness  even  more,  the  SM  has  un- 
dergone refinement  since  the  original  program  was  imple- 
mented in  1992.  The  present  version  is  available  on  video- 
tape and  includes  visual  aids  to  emphasize  specific  points. 
For  example,  the  proper  use  of  a  fire  extinguisher  is  demon- 
strated, as  well  as  how  to  use  a  fire  pull  station.  Shut-off 
valves  for  the  piped-gas  system  are  shown,  and  the  correct 
way  to  turn  the  valve  system  on  and  off  is  demonstrated.  The 
SM  has  been  presented  over  the  past  2  years,  and  the  refined 
program  used  in  1993  was  even  more  successful  by  produc- 
ing average  post-training  test  scores  of  97%.  The  ACH 


Safety  Department  has  recommended  the  RCS  module  to 
other  ACH  departments  as  a  resource  for  designing  their 
safety  training  programs.  The  RCS  department  has  assisted 
other  departments  in  organizing  the  presentation  and  evalua- 
tion of  their  specific  programs.  The  RCS  Department  has  had 
100%  compliance  for  attendance  and  successful  completion 
of  the  SM  since  it  was  instituted  2  years  ago. 

This  study  suggests  that  the  RCS  safety  module  produces 
a  strong  knowledge  base  for  employees  regardless  of  their 
previous  experience  with  safety  issues.  To  minimize  costs, 
the  program  has  been  updated,  and  a  minimum  time  for  com- 
pletion of  the  module  has  been  successfully  employed. 
Safety  audits  have  verified  that  employees  clearly  under- 
stand their  responsibilities  when  safety  is  threatened  and  dur- 
ing emergencies. 
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Asthma  Self-Management  Programs  Can  Reduce  the  Need 
for  Hospital-Based  Asthma  Care 


Gretchen  Lawrence  BA  RRT 


BACKGROUND:  Mortality  from  asthma  and  its  complications  is  increasing  as  is  the 
expense  associated  with  treating  this  disease.  We  hypothesized  that  an  asthma-educa- 
tion program,  already  in  place,  had  reduced  hospitalizations  (HOS)  and  emergency- 
department  (ED)  visits  for  asthmatic  patients  who  participated.  METHODS:  We 
compared  asthmatic  patients'  ED  visits  and  HOS  for  the  12-month  periods  immedi- 
ately before  and  after  treatment  in  our  center.  METHODS:  All  patients  received 
physician-directed  medical  management  based  upon  the  National  Asthma  Education 
Panel  recommendations.  One  group  (PART,  n  =  13)  received  instruction  in  self-man- 
agement using  the  peak-flow  meter  (PFM)  and  an  action  plan  (AP)  to  adjust  medica- 
tion dosages  in  response  to  changing  post-bronchodilator  peak-flow  meter  readings. 
Average  cost  for  this  intervention  was  $820  (2  visits,  each  with  60-90  minutes  of  in- 
struction). The  other  group  (FULL,  n  =  13),  in  addition  to  receiving  a  PFM  and  AP, 
completed  a  multidisciplinary  education  program  stressing  trigger  identification  and 
avoidance,  environmental  control,  proactive  adjustment  of  anti-inflammatory  agents, 
and  stress  management.  Average  cost  for  this  intervention  was  $1,700  (multidisci- 
plinary evaluations  and  12  hours  of  instruction).  Those  who  did  not  enter  the  educa- 
tion program  did  so  by  choice  or  circumstance  (ie,  transportation  problems,  inability 
to  commit  the  required  time  for  the  program,  insurance  denial).  RESULTS:  Of  the  13 
PART-group  subjects,  8  experienced  all  31  ED  and/or  HOS  in  the  year  prior  to  our 
program.  Four  of  13  accounted  for  the  15  ED  and/or  HOS  after  discharge  from  the 
program  (50%  improvement,  p  <  0.05).  Of  the  14  patients  in  the  FULL  group,  7  ac- 
counted for  25  ED  and/or  HOS  prior  to  the  program.  There  were  no  ED  and/or  HOS 
after  the  program  (100%  improvement,  p  <  0.05).  CONCLUSION:  Based  on  this 
sample,  it  is  evident  that  both  PART  and  FULL  programs  can  significantly  impact 
the  frequency  with  which  hospital-based  asthma  care  is  required  and  thus  reduce  the 
overall  cost  of  caring  for  patients  with  asthma.  [Respir  Care  1995;40(  1  ):39-43.] 


Background 

According  to  statistics  published  by  the  National  Heart, 
Lung,  and  Blood  Institute,  asthma  affects  almost  12  million 
Americans,  and  the  cost  of  care  is  estimated  to  exceed  $4.6 
billion/year.  The  National  Ambulatory  Medical  Care  Survey 
reports  that  there  were  6.5  million  outpatient  visits  for  asth- 
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ma  in  1985.  Hospitalizations  for  asthma  have  increased,  with 
hospital  discharge  rates  increasing  nearly  threefold  from 
1980  to  1987.  Mortality  is  on  the  rise:  annual  death  rates  in- 
creased 31%  from  1980  to  1987.' 

Seven  major  risk  factors  for  fatal  asthma  were  identified 
in  the  National  Asthma  Education  Program  (NAEP)  Expert 
Panel  Report,  published  in  August,  1991.  These  include  age, 
ethnicity,  previous  life-threatening  acute  asthma  exacerba- 
tions, hospital  admissions  for  asthma  within  the  past  year,  in- 
adequate general  medical  management,  psychological  and 
psychosocial  problems,  and  lack  of  access  to  medical  care. 
The  NAEP  Report  suggests  some  strategies  to  use  in  treating 
the  high  risk  patient,  but  they  note  that  these  strategies  have 
not  been  field  tested.  Recommendations  include  patient  and 
family  education;  simple  drug  regimens  that  the  patient  can 
follow;  identification  of  potential  triggers  in  the  home,  work, 
or  school  setting;  and  objective  monitoring  to  measure  the  ef- 
fectiveness of  therapy  and  environniental  control.  Because 
complacency  is  thought  to  be  a  significant  factor  in  fatal  asth- 


RESPIRATORY  CARE  •  JANUARY  "95  Vol  40  No 


39 


ASTHMA  SELF-MANAGEMENT 


ma,  the  report  stresses  that  care  should  be  taken  to  identify 
the  characteristics  that  put  each  asthmatic  at  high  risk  and 
employ  strategies  that  ensure  adequate  care.- 

Because  of  our  center's  reputation,  many  patients  self- 
refer  for  asthma  treatment.  Reportedly,  they  do  so  because 
they  want  to  have  better  control  of  their  disease.  Physicians 
generally  refer  patients  to  assure  an  accurate  diagnosis, 
and/or  to  promote  asthma  self-management.  In  the  case  of 
asthmatic  patients,  especially,  referring  physicians  recognize 
that  their  oftlce-based  practice  is  not  designed  to  accommo- 
date the  amount  and  intensity  of  instruction  that  patients  and 
their  families  often  require  to  understand  the  disease  and  its 
treatment  and  to  gain  the  self-management  skills  that  can 
help  control  symptoms.  Regardless  of  the  method  of  referral, 
patients  are  discharged  to  another  physician's  care  within  6 
weeks.  Our  center  accepts  adult  patients  of  all  ages  and  chil- 
dren who  are  at  least  10  years  old. 

Methods 

We  conducted  a  retrospective  study  to  determine 
whether  either  a  partial  (PART)  or  a  full  (FULL)  asthma 
self-management-skills  program  reduced  ED  and  HOS  and 
their  associated  costs.  We  reviewed  281  charts  of  patients 
who  had  come  to  our  center  for  evaluation  of  pulmonary 
dysfunction  between  November  1991  and  April  1992. 

As  part  of  the  routine  admission  process,  all  new  pa- 
tients were  asked  how  many  emergency  department  visits 
(ED)  and  hospitalizations  (HOS)  they  had  had  in  the  12 
months  immediately  prior  to  seeking  care  in  our  center.  At 
discharge,  they  were  asked  to  keep  a  record  of  ED  and/or 
HOS  encounters  that  took  place  during  the  year  immedi- 
ately after  discharge. 

The  diagnosis  of  asthma  is  confimied  either  by  spirome- 
try (>  15%  increase  in  FEVi  after  bronchodilator)  or  bron- 
choprovocation  (at  least  2(Wc  decrease  in  FTiV|  after  inhal- 
ing increasing  doses  of  methacholine). 

Physician-directed  medical  management  follows  the 
NAEP  Guidelines,  emphasizing  the  use  of  inhaled  anti-inflain- 
matory  drugs  ;ind  reserving  inhaled  bronchodilators  for  use 
only  as  needed.  The  Guidelines  also  support  the  use  of  a  peak- 
flow  meter  to  objectively  monitor  asthma  symptoms,  using  a 
green,  yellow,  and  red  'traffic-light"  system  to  help  the  patient 
ea.sily  detemiine  when  to  seek  medical  attention.  The  NAEP 
report  suggests  that  tine  following  general  basic  color-coded 
guide  be  followed  based  on  the  percent  of  predicted  peak  tlow: 
Green  Zone,  8()-l(X)'/r,  Yellow  Zone,  60-80% ;  Red  Zone.  < 
60%.-  Using  this  guide,  all  patients  with  a  confirmed  diagno- 
sis of  a.sthma  were  given  instruction  in  the  use  of  a  peak  tlow 
meter  ( PF-M )  and  taught  how  to  use  a  color-coded  action  plan 
( AP)  that  lies  medication  dose  to  changes  in  peak  tlow. 

The  average  charge  for  that  educational  component 
(PART)  was  about  $250,  not  including  diagnostic  testing  and 


physician  charges.  Additionally,  patients  and  their  families 
were  encouraged  to  attend  four  3-hour  structured  educational 
sessions.  Course  content  followed  NAEP  recommendations 
and  included  individualized  tind  group  instruction  in  Uigger 
identification  and  avoidance,  environmental  control,  and  stress 
management.  Continued  reinforcement  in  the  appropriate  use 
of  medications  based  on  peak-flow  changes  were  presented  at 
some  point  during  each  instructional  session.-  The  average 
charge  for  that  additional  1 2  hours  of  education  and  instruction 
(FULL)  was  about  $850.  Patients  who  do  not  participate  in 
FULL,  do  so  by  choice  or  circumstances  (ie.  u-ansportation 
problems,  inability  to  cominit  the  required  time,  insurance  de- 
nial). Because  of  the  difference  in  charges  between  PART  and 
FULL,  we  asked  ( 1 )  Is  there  a  difference  in  the  number  of  EDs 
and  HOSs  between  asthmatic  patients  who  participate  only  in 
PART  and  those  who  participate  in  FULL? 

Our  study  inclusion  criteria  were  ( 1 )  positive  diagnosis 
of  asthma,  (2)  receipt  of  a  PFM  and  color-coded  individu- 
alized AP.  and  (3)  receipt  of  at  least  30  minutes  of  instruc- 
tion on  use  of  PFM  and  AP.  Ninety-two  patients  (33%) 
met  these  criteria.  We  conducted  a  review  of  their  medical 
records  to  confirm  that  all  patients  had  moderately  severe 
asthma  defined  as  more  than  one  report  of  sleep,  work,  or 
school  interruption  per  week  as  a  consequence  of  asthma. 
We  attempted  to  contact  all  these  patients  by  telephone. 
No  attempt  was  made  to  locate  patients  who  could  not  be 
reached  using  home  and/or  work  phone  numbers  given  to 
us  at  first  admission  to  our  center.  Twenty-six  of  92  com- 
pleted the  telephone  interview.  In  preparation  for  the  tele- 
phone interview,  we  filled  out  a  form  with  the  patient's 
name,  date  of  admission,  and  discharge  and  indicated 
whether  he  or  she  had  gone  through  the  partial  or  full  pro- 
gram. During  the  telephone  interview,  we  used  a  prepared 
script  to  assure  that  we  did  not  omit  any  questions  or  influ- 
ence patients'  responses  to  our  inquiries  (Fig.  I ).  Thirteen 
of  the  26  former  patients  met  criteria  for  PART  classifica- 
tion, and  13  met  criteria  for  FULL. 

Using  information  from  our  hospital's  billing  depart- 
ment (typical  ED  =  $400  and  average  HOS  =  $3.091 ).  we 
compared  both  patient  groups  self-reported  asthma-related 
ED  and  HOS  for  the  12-month  periods  immediately  be- 
fore and  after  treatment  in  our  center. 

Results 

When  the  total  of  HOS  and  ED  were  compmed  pre-  to 
posl-PART  and  pre-  to  post-FULL.  we  found  a  signiflcant 
reduction  in  the  requirement  for  hospital-based  asthma  care 
for  both  programs  (X"  hoy's,  p  <  0.05).  Preprogram  totals  and 
the  reduction  in  ED  and  HOS  totals  were  not  significantly 
different  between  PART  and  FULL  (X"  i.o.y.s.  p  >{).05). 

Eight  of  13  who  chose  PART  had  a  total  of  31  ED  and 
HOS  visits  in  the  year  before  admission  to  our  center.  Using 
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Survey  Instrument— Full  Program 


Dale  Conlacied 

Date  of  ftr^l  ASTHMA  CENTER  v 


Information  Needed; 

Our  records  indicate  thai  you  attended  Ihe  ASTHMA  CEN  lER  classes  between  the  dales  of 

and and  received  an  Action  Plan  to  adjust  medications  in  response  to  changes  in  your 

peak  flow. 

Do  you  use  your  peak  flow-meter  on  a  regular  basi 


r  your  asthma  symptoms^ 


Do  you  follow  your  Action  Plan  to  adjust  medications  when  you  are  having  problems  with  your  asttima? 


In  the  year  pnor  to  coming  to  your  center,  you  told  us  that  you  ahd  visited  the  emergency  room titiK 

and  had  been  hospitalized times.  Since  discharge  from  the  ASTHMA  trENTER  in of  1992 

I  have  been  m  the  emergency  room times  for  asthma. 

1  have  been  in  die  hospital times  for  asthma 


1  would  recommend  the  program  at  Ihe  Baylor  ASTHMA  CENTER  to  others 


;sted  in  attending  a  half-day  S' 


Survey  Instrument— Partial  Program 


Date  Contacted 
Date  of  first 


Center  v 


VES 


Our  records  indicate  that  you  attended  the 

Did  you  receive  a  peak  flow-meter  and  ins 

Do  you  use  your  peak  flow  meter  on  a  regular  basis  to  n 

Do  you  follow  your  Action  Plan  to  adjust  medications  w 
YES 


\  CENTER  classes  between  the  dates  of  _ 


ir  your  asthma  symptoms' 


e  having  problems  with  your  asttima? 


In  the  year  pnor  to  coming  to  your  center,  you  told  us  that  you  had  visited  the  emergency  room 

and  had  been  hospitalized limes.  Since  discharge  from  the  ASTHMA  CENTER  in of  1992 

I  have  been  in  the  emergency  room times  for  asttima 

1  have  been  in  the  hospital times  for  asthma 

I  did  not  come  through  the  educauonal  program  for  the  following  teason(s): 


I  would  be  interested  in  attending  a  half-day  s 


Fig.  1 .  Telephone  interview  data  collection  forms  used  to  generate  the  data  for  this  study. 


the  assumptions  noted  above  for  ED  visits  ($400)  and  HOS 
($3,091 ),  cliarges  were  estimated  to  be  as  follows:  22  ED  vis- 
its ($8,800)  and  9  HOS  ($27,819).  Therefore,  the  total 
charged  to  all  1 3  patients  for  hospital-based  asthma  care  dur- 
ing the  year  prior  to  PART  was  $36,619.  In  the  one  year  fol- 
lowing PART,  this  group  accounted  for  13  ED  visits 
($5,2(«))  and  2  HOS  ($6,182).  Total  charges  for  this  care  was 
$11,382. 

There  was  little  difference  between  the  two  groups  in  total 
number  of  ED  and  HOS  visits  for  the  year  before  interven- 
tion. Prior  to  FULL,  these  1 3  patients  had  a  total  of  25  total 
visits,  with  19  ED  ($7,600)  and  6  HOS  ($18,546).  Total 
charges  for  this  pre-program  care  was  $26,146.  In  the  year 
following  attendance  in  the  full  program,  this  group  had  no 
ED  or  HOS  visits,  resulting  in  no  charges.  If  the  charge  for 
the  respective  program  is  added  to  the  charges  generated  for 
care  in  the  year  following  intervention,  the  PART  total 
charge  for  care  is  $14,632  and  the  FULL  total  charge  is 
$  1 1 ,900,  The  savings,  in  terms  of  charges,  is  $2 1 ,987  for 
PART  and  $14,246  for  FULL. 

Discussion 

In  her  review  article  on  asthma  self-management  pro- 
grams. Clark'  points  out  that  most  asthma  self-manage- 
ment programs  share  some  basic  premises: 


•  a  partnership  of  care  between  the  patient  and  the 
physician  (and  the  other  health-care  professionals  who 
support  the  asthma  management  plan)  must  be  estab- 
lished, 

•  medical  management  must  vary  as  the  symptoms 
change,  and 

•  patient  compliance  is  strongly  tied  to  the  simplicity  of 
the  care  plan  and  the  degree  to  which  its  approach  is 
systematic. 

Fear  of  exacerbation  of  asthma  symptoms  and  the  associated 
feeling  of  loss  of  control  causing  anxiety  and  panic  has  been 
reported  by  our  and  other  groups'  patients.  Mayo  et  aH  re- 
ported that  the  improvement  in  control  of  asthma  in  their  pa- 
tient group  may  well  have  been  simply  because  the  availabil- 
ity of  the  clinic  and  its  personnel  was  strongly  emphasized. 

During  the  early  stages  of  planning  our  center,  a  profes- 
sional consulting  team  assisted  us  by  interviewing  persons 
who  either  had  asthma  or  had  a  family  member  with  asth- 
ma. Randomly  selected  through  initial  telephone  contact 
and  then  in  a  personal  one-on-one  interview,  more  than  50 
persons  were  asked  to  state  their  goal  for  asthma  manage- 
ment— what  factor  or  factors  would  make  them  feel  that 
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their  asthma  treatment  had  been  successful?  Most  common 
responses  were  (1)  they  wanted  to  be  in  control,  (2)  they 
wanted  their  physician  to  let  them  actively  participate  in 
decision-making  regarding  their  asthma  care,  and  (3)  they 
wanted  "everyone"  to  recognize  the  seriousness  of  their 
disease.  These  results  are  confirmed  by  Mawhinney  and 
associates,'  who  reported  that  patients  are  most  likely  to 
comply  when  their  care  plan  allows  them  to  be  in  control 
of  their  symptoms,  and  as  long  as  they  perceive  that  those 
who  developed  the  care  plan  are  committed  to  working 
with  them  to  encourage  compliance  and  are  understanding 
and  empathetic. 

Because  asthma  symptoms  vary  with  exposure  to  trig- 
gers in  the  environment,  it  is  important  to  have  an  objec- 
tive monitor  of  the  changes  that  occur  in  airway  flow.  The 
action-plan  segments  of  both  PART  and  FULL  include  in- 
struction in  performance  of  and  response  to  values  of 
peak-flow.  The  peak-flow  meter  represents  an  inexpensive 
and  easy-to-perform  method  of  assessing  asthma  severity 
on  a  day-to-day  basis  outside  the  pulmonary  laboratory. 
Peak-flow  monitoring  has  limitations — the  variability  in 
readings  among  the  currently  produced  instruments,  in- 
ability to  measure  small  airways  flow,  and  the  inherent 
variability  because  the  test  is  effort-dependent.''  However, 
these  limitations  do  not  detract  from  the  role  peak-flow 
monitoring  can  play  in  asthma  self-management.'' 

The  NAEP  Guidelines  are  considered  to  be  the  standard 
for  asthma  management  at  this  time.-'**  Those  Guidelines 
are  organized  around  four  basic  components  of  asthma 
care:  objective  monitoring,  environmental  control,  phar- 
macological management,  and  partnership  of  care.-  Our 
center's  self-management  program  had  been  in  existence 
for  3  years  before  those  Guidelines  were  published,  and 
that  document  has  served  to  validate  many  of  the  things  we 
were  doing  then  and  continue  to  do.  However,  we  now  put 
more  emphasis  on  certain  aspects  of  care,  namely  provid- 
ing a  written  medication  action  plan  that  is  not  only  easy- 
to-read  and  easy-to-follow,  but  also  allows  for  flexibility 
in  the  treatment  regimen.  We  have  observed  that  patients 
who  comply  with  their  individualized  treatment  plans 
achieve  better  control  of  their  symptoms. 

Both  Make**  and  Mason''  point  out  that  the  limitation  to 
many  studies  on  cost-effectiveness  of  programs  like  ours 
and  others  (often  by  comparing  just  pre-  and  post-interven- 
tion ED  and  HOS),  is  that  there  is  usually  no  control  group 
or  that  the  study  is  of  small  sample  size.  We  acknowledge 
that  these  are  liinitations  of  our  present  study,  as  well. 
However,  we  believe  that  when  there  is  known  benefit 
from  using  a  treatment  plan  that  is  accepted  as  the  standard 
of  care  for  asthma  management,-  it  is  not  ethical  to  with- 
hold that  intervention  for  any  reason. 

We  know  that  asthmatics  who  seek  more  aggressive 


treatment  may  be  inclined  to  take  better  care  of  them- 
selves. Thus,  with  improvement  in  airway  function  and 
health,  in  general,  a  decrease  in  the  use  of  ED  or  HOS 
would  not  be  unexpected.  Bailey  and  colleagues'"  com- 
ment that  they  were  able  to  document  a  decrease  in  utiliza- 
tion of  health-care  services  by  the  groups  they  studied. 
They  suggest  that  this  reduction  was  because  all  study  par- 
ticipants "acquired  a  comparable  amount  of  information 
about  asthma."'" 

Using  the  stated  NAEP  goals  for  asthma  management, 
we  have  modified  our  data-collection  protocol  to  include 
pre-  and  post-program  data  on  ( 1 )  missed  work  or  school, 

(2)  nighttime  awakenings  because  of  asthma  symptoms, 

(3)  total  puffs  of  bronchodilator  and  inhaled  steroid,  and 

(4)  total  amount  of  and  requirement  for  oral  steroid.  In  an 
attempt  to  determine  change  in  quality  of  life,  we  now  also 
ask  the  patient  to  rate  his  or  her  asthma  using  a  so-called 
misery  index  that  ranges  from  zero  to  5,  with  5  being  "un- 
able to  do  anything  because  of  asthma." 

In  Conclusion 

Both  of  the  groups  we  studied  demonstrated  a  decrease  in 
the  frequency  of  hospital-based  asthma  care  use  and  in  cost  of 
care  during  the  year  foUowing  intervention.  Although  our 
small  sample  and  lack  of  controls  qualify  the  validity  of  our 
study,  we  believe  that  it  is  reasonable  to  conclude  that  patient 
and  family  education  that  addresses  overall  understanding  of 
the  disease  process,  trigger  avoidance,  and  self-monitoring  can 
significantly  impact  the  overall  cost  of  care. 

The  current  emphasis  of  health  care  today  is  to  reduce 
the  cost  of  care  without  sacrificing  quality  in  the  process. 
Future  research  must  address  the  need  for  a  standardized 
method  to  measure  asthma  outcomes  that  will  not  only 
demonstrate  decreased  costs  of  care  after  intervention,  but 
also  .serve  to  quantify  the  emotional  cost  of  uncontrolled 
asthma  that  must  be  recognized  and  addressed  by  policy- 
makers and  those  who  are  paying  for  asthma  care. 
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High  Frequency  Oscillatory  Ventilation  as  a  Bridge  from  Extracorporeal 
Membrane  Oxygenation  in  Pediatric  Respiratory  Failure 

Stephen  M  Schexnayder  MD,  Adalberto  Torres  Jr  MD,  Michael  Binns,  RRT, 
Michael  Anders  BS  RRT,  and  MarkJ  Heulitt  MD 

Mortality  due  to  severe  respiratory  failure  remains  high  in  infants  and  children. 
Extreme  measures  are  sometimes  required  to  sustain  life.  We  report  the  cases  of  2 
children  who  had  prolonged  courses  of  extracorporeal  membrane  oxygenation 
(ECMO)  in  whom  high-frequency  oscillatory  ventilation  (HFOV)  was  used  as  a 
bridge  from  ECMO  to  conventional  ventilation  (CV).  Patient  A  had  severe  respira- 
tory failure  following  a  viral  infection  and  had  been  treated  with  venoarterial 
ECMO  for  >  23  days.  A  trial  of  CV  was  not  successful.  HFOV  was  instituted  and 
continued  for  14  days,  after  which  she  was  successfully  maintained  on  CV  until  ex- 
tubation.  Patient  B  developed  respiratory  failure  as  a  consequence  of  multiple  trau- 
ma sustained  in  a  motor  vehicle  accident.  She  required  ECMO  for  19  days  and,  like 
Patient  A,  failed  a  trial  on  CV.  HFOV  was  started  and  maintained  for  24  days  after 
which,  the  patient  tolerated  CV  well  until  extubation.  Neither  patient  had  neurolog- 
ic or  respiratory  morbidity.  Although  these  data  are  uncontrolled,  clearly,  patients 
on  ECMO  for  whom  decannulation  is  imperative,  may  be  safely  managed  using 
HFOV  as  a  bridge  to  CV  and  extubation.  [Respir  Care  1995;40(  1  ):44-47.] 


Introduction 

Despite  advances  in  pulmonary  support,  mortality  from 
severe  respiratory  failure  remains  high  in  children.'  For 
certain  selected  children  with  severe  respiratory  failure. 
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extracorporeal  membrane  oxygenation  (ECMO)  may  be 
lifesaving,  but  some  patients  cannot  be  weaned  from 
ECMO  even  when  time  adequate  for  pulmonary  recovery 
has  elapsed.-  Prolonged  therapy  with  ECMO  increases  the 
risk  of  complications  such  as  bleeding  and  infection. 

The  transition  from  ECMO  to  conventional  ventilation 
(CV)  at  high  pressures  and  oxygen  tensions  may  aggravate 
the  pulmonary  injury.'  We  present  2  patients  who  had  un- 
acceptable gas  exchange  during  trials  off  ECMO  with  CV 
who  were  subsequently  weaned  from  ECMO  using  high 
frequency  oscillatory  ventilation  (HFOV). 


Case  Summaries 


Patient  A 


Patient  A  was  a  10-month-old  previously  healthy  girl 
(weight  =  9  kg)  who  developed  severe  respiratory  failure 
following  respiratory  syncytial  virus  infection.  She  had 
been  mechanically  ventilated  for  4  days  prior  to  initiation 
of  venoarterial  ECMO  at  another  institution,  and  mobile 
ECMO  was  continued  en  route  to  our  institution.  She  was 


44 


RESPIRATORY  CARE  •  ,IANUARY  "Q.-S  Vol  40  No  1 


HFOV:  A  BRIDGE  FROM  ECMO  TO  CV 


supported  for  570  hours  (>  23  days)  on  ECMO  and  by  the 
end  of  that  time  had  been  weaned  to  low  flow  ECMO  (25- 
50  mL  •  kg  '  •  min ').  The  ventilation  strategy  employed 
for  this  patient  while  she  was  on  ECMO  was  high-PEEP, 
low-frequency,  pressure-limited  ventilation,  using  a  square 
pressure  waveform  and  a  decelerating  flow  pattern.  Our 
ventilation  and  airway-care  protocols  have  been  previous- 
ly described.''  Blood  cultures  were  persistently  positive  for 
a  coagulase-negative  staphylococcus  despite  appropriate 
antibiotic  therapy,  and  discontinuation  of  ECMO  was  con- 
sidered imperative  because  of  the  continued  bacteremia 
and  the  risk  for  developing  sepsis.  A  trial  off  ECMO  using 
conventional  pressure-limited  ventilation  was  undertaken. 
Her  static  compliance  was  0.30  mL  •  cm  H:0  '  •  kg  '  prior 
to  the  trial  of  CV.  For  the  trial,  we  occluded  the  arterial  and 
venous  cannulae  and  opened  the  bridge  on  the  ECMO  cir- 
cuit to  allow  constant  recirculation  of  the  blood  through 
the  ECMO  pump.  CV  settings  were  increased  to  maximal 
levels  (Table  1).  Blood-gas  analysis  was  performed  every 
5  minutes  with  rapid  weaning  of  the  F[0:  from  1.0  to  0.6  or 
less;  other  ventilator  settings  were  manipulated  as  clinical- 
ly indicated.  The  CV  trial  was  continued  for  1  hour  and  the 
values  for  the  last  blood  gas  taken  during  the  trial  are  given 
in  Table  1.  We  used  the  end-expiratory  occlusion  tech- 
nique to  detect  inadvertent  (auto)  PEEP;  none  was  found. 
Because  of  the  severe  respiratory  acidosis  that  developed 
in  this  patient,  the  CV  trial  was  considered  unsuccessful 
and  ECMO  was  resumed.  On  the  following  day,  a  trial  of 
HFOV  was  begun,  using  the  SensorMedics  3100A  oscilla- 
tory ventilator  (SensorMedics  Corp,  Yorba  Linda  CA). 
Ventilator  settings  used  and  blood-gas  values  gathered 
during  the  HFOV  trial  are  listed  in  Table  2. 

The  child  was  initially  ventilated  with  an  Fjo,  of  1.0, 
mean  airway  pressure  (Paw)  equal  to  Paw  used  in  the  conven- 
tional-ventilation trial,  an  amplitude  of  50  cm  H^O,  frequen- 
cy of  8-10  Hz,  and  a  %  inspiratory  time  of  0.33.  Amplitude 
was  rapidly  increased  based  on  our  assessment  of  chest  vi- 


bration and  the  continuous  measurement  of  transcutaneous 
CO:  •  Oxygenation  was  monitored  by  pulse  oximetry  (SpoO, 
and  aiterial-blood-gas  values  were  used  to  confirm  the  con- 
tinuous monitor  readings.  Paw  was  increased  in  1-2  cm 
HiO  increments  to  maintain  PaO:  >  60  torr  (Spo;  >  94%) 
while  the  Fio:  was  decreased  to  0.6.  After  Paw  had  stabi- 
lized, a  chest  radiograph  was  obtained  to  assess  lung  ex- 
pansion. Blood  pressure  was  supported  by  volume  infusion 
as  needed.  Arterial  blood-gas  values  were  followed  hourly 
and  used  to  guide  adjustment  of  the  ventilator.  Frequency 
was  decreased  in  1-Hz  increments  to  augment  tidal  vol- 
ume.' 

Patient  A  was  ventilated  with  HFOV  for  14  days  before 
successful  transition  to  CV  could  be  made.  She  was  extu- 
bated  on  Day  49  of  ventilation  and  was  discharged  from 
the  hospital  without  supplemental  oxygen.  Her  neurologic 
and  pulmonary  function,  assessed  during  follow-up  visits, 
have  been  normal. 

Patient  B 

Patient  B  was  a  2-year-old  previously  healthy  multiple 
trauma  patient  (weight  =  13  kg)  who  developed  respiratory 
failure  because  of  injuries  sustained  in  a  motor  vehicle  ac- 
cident. She  was  ventilated  for  10  days  prior  to  the  initiation 
of  venoarterial  ECMO  and  supported  for  455  hours  (19 
days)  on  ECMO.  Her  static  compliance  was  0.33  mL  •  cm 
H2O"'  •  kg"'  prior  to  a  trial  of  CV.  Our  protocol  for  this  trial 
was  the  same  as  that  described  for  Patient  A.  Peak  ventila- 
tor settings  for  CV  and  blood  gas  values  during  this  trial 
off  ECMO  are  shown  in  Table  1 .  No  clinically  important 
auto-PEEP  was  measured.  Because  of  her  severe  hyper- 
capnia  on  CV,  the  trial  was  considered  unsuccessful  and 
ECMO  was  resumed.  She  then  underwent  a  trial  using 
HFOV.  The  initial  settings  and  the  ventilatory  strategy 
were  the  same  as  for  patient  A.  Highest  HFOV  settings  and 
blood-gas  values  during  the  trial  are  shown  in  Table  2. 


Table  1 .  Ventilator  Settings  and  Blood-Gas  Values  at  the  End  of  a  1-Hour 
Trial  of  Conventional  Ventilation  Prior  to  Resuming  Extracor- 


Table  2.  Peak  Ventilator  Settings  and  Blood-Gas  Values  during  Trial  of 
High-Frequency  Ventilation 


poreal  Membrane 

Oxygenation 

Mean  airway  pressure  (cm 

H2O) 

Pat 

Patient 

A 

B 

A 

B 

35 

Peak  inspiratory  pressure  (cm  H2O) 
Positive  end-expiratory  pressure  (cm 

H,0) 

42 
12 

40 
8 

Amplitude  (cm  HiO) 

Lowest  frequency  (Hz) 

PaO;/Fi02  (torr) 

PaC02  (torr) 

pH 

P(A-aiO;  (torr) 

75 
5 

80 

7 

Mean  airway  pressure  (cm 
Frequency  (breaths/min) 
PaO;/Fio2  (torr) 
PaCO;  (torr) 
pH 

H:0) 

23 
40 
108 
82 
7.13 

18 
40 
120 

90 
7.04 

130 
52 
7.29 
518 

102 
47 
7.32 
552 

P(A-aiO:  (torr) 

502 

480 

Oxygenation  index  (01) 

26.9 

29.4 

Oxygenation  index  (01) 

21.3 

15 

01  at  transition  to  conventional  ventilation 

8.3 

8.2 
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Patient  B  was  \entilated  with  HFOV  for  24  clays,  and 
was  extuhated  from  CV  on  Day  70  of  ventilation.  She  was 
discharged  from  the  hospital  without  supplemental  oxygen 
and,  at  follow-up,  has  demonstrated  normal  respiratory 
and  neurologic  function. 

Discussion 

Animal  evidence  suggests  that  large  tidal  volumes  and 
high  airway  pressures  may  damage  airway  and  alveolar 
epithelium,  pulmonary  capillary  endothelium,  and  base- 
ment membranes.'  Large  differences  between  peak  inspi- 
ratory pressure  and  PEEP  may  promote  pulmonary  edema 
formation  and  lung  injury  secondary  to  shear  forces.''  Lung 
injury  may  result  from  these  forces  when  PEEP  is  main- 
tained at  levels  below  critical  closing  pressure  due  to 
cyclic  opening  and  closing  of  small  airways  and  pres.sure 
stress  on  the  airway  wall.^  Alternative  modes  of  ventila- 
tion, such  as  pressure-limited  ventilation  and  HFOV,  have 
been  employed  in  an  attempt  to  minimize  this  type  of  air- 
way injury.**  Even  with  the  availability  of  such  alternative 
ventilatory  modes,  some  children  with  severe  respiratory 
failure  cannot  be  adequately  supported,  leading  some  cen- 
ters to  use  ECMO.  Despite  aggressive  use  of  this  technolo- 
gy, some  patients  cannot  be  successfully  weaned  from 
ECMO  using  CV  unless  excessive  inspiratory  pressures, 
tidal  volumes,  and  Fjo:  are  applied.-  We  have  reported  2 
pediatric  patients  who  had  persistent  and  severe  hypercap- 
nia  during  a  trial  of  CV  after  prolonged  periods  of  ECMO. 
Both  patients  were  able  to  be  effectively  ventilated  with 
HFOV  as  a  bridge  from  ECMO  to  CV. 

As  the  length  of  the  ECMO  course  increases,  so  do  the 
complications.  In  patients  supported  on  ECMO  for  more 
than  2  weeks,  sepsis  is  a  frequent  complication,'^'"  and  car- 
ries a  high  mortality."  Hemorrhage  is  a  major  risk 
throughout  the  ECMO  course."  Because  Patient  A  had 
persistently  positive  blood  cultures,  we  believed  that  re- 
moval from  ECMO  was  imperative,  but  her  gas  exchange 
during  CV  was  unacceptable.  In  Patient  B,  the  lack  of  im- 
provement after  nearly  3  weeks  of  ECMO  led  us  to  explore 
alternative  methods  of  support.  To  our  knowledge,  this  is 
the  first  report  of  the  use  of  HFOV  to  rescue  patients  who 
have  failed  trials  off  ECMO  with  CV.  However, 
Raszynski  and  colleagues'-  have  reported  using  a  form  of 
intratracheal  pulmonary  ventilation  in  a  16-year-old  pa- 
tient as  a  transition  from  ECMO. 

Our  HFOV  strategy  was  similar  to  that  described  by 
Arnold  et  al"  for  treatment  of  diffuse  alveolar  disease- 
high  Pj„  ^^-5  cm  HiO  >  CV),  increasing  until  Fio,  can  be 
weaned  to  nontoxic  levels  and  decreasing  frequency  to  in- 
crease tidal  volume  when  ventilation  is  not  adet|uate  using 
maximum  amplitude.  Both  patients  had  severe  hypercap- 
nia  that  improved  with  HFOV.  One  patient  had  an  im- 


provement in  oxygenation,  while  the  other  patient's  oxy- 
genation worsened  slightly.  Our  patients  showed  a  marked 
improvement  in  ventilation,  contrary  to  the  minimal 
change  shown  by  Arnold  and  associates,  but  similar  to  that 
reported  by  Rosenburg  and  colleagues.'^  Because  ventila- 
tion was  more  problematic  than  oxygenation  for  both  pa- 
tients, the  failure  of  oxygenation  to  improve  in  Patient  B 
may  have  been  related  to  the  use  of  a  suboptimal  Paw- 
Potential  complications  of  HFOV  include  intraventricu- 
lar hemonhage  (in  neonates),  hypotension,  and  necrotizing 
tracheobronchitis.**  Reductions  in  cardiac  output  result  be- 
cause of  airway-pressure  tamponade  but  usually  can  be 
avoided  by  preventing  lung  overintlation." 

A  pre-ECMO  trial  of  HFOV  might  have  benefited  both 
patients,  but  Patient  A  required  mobile  ECMO  for  adequate 
stabilization  during  transport  to  our  institution.  Because 
HFOV  was  not  routinely  used  at  our  facility  when  Patient  B 
was  adinitted,  it  was  not  available  when  the  child's  respirato- 
ry status  worsened,  requiring  the  initiation  of  ECMO.  Since 
offering  HFOV  as  a  respiratory  support  modality  at  our  insti- 
tution, we  have  seen  our  need  for  pediatric  ECMO  decrease. 
Similar  decreases  in  neonatal  ECMO  are  reported  by  Bower 
and  Betit  in  this  issue  of  RESPIRATORY  C.'\RF,.'^  Because  this 
observation  suggests  that  HFOV  may  reduce  the  need  for  pe- 
diatric ECMO  and  because  HFOV  is  less  invasive  and  less 
costly  than  ECMO,  we  believe  ECMO  centers  should  offer 
HFOV  as  a  pre-ECMO  modality.  Clark  suggests  that  only 
centers  that  offer  ECMO  capabilities  should  attempt  a  trial  of 
HFOV  in  neonates  who  qualify  for  ECMO.**  However,  the 
role  of  both  HFOV  and  ECMO  in  the  management  of  pedi- 
atric patients  in  respiratory  failure  remains  controversial,  and 
clear  guidelines  for  their  application  are  still  evolving. 

Once  a  patient  is  supported  with  HFOV,  however,  trans- 
port to  an  ECMO  center  is  extremely  difficult.  The  reasons 
for  this  ;ire  because  no  HFOV  device  is  available  that  can  be 
adapted  to  the  transport  setting  and  because  aheolar  recruit- 
ment gained  with  HFOV  may  be  lost,  thus  placing  the  patient 
at  greater  risk  during  transport  on  CV. 

We  speculate  that  HFOV  may  be  a  useful  adjunct  for 
bridging  a  patient  who  has  sustained  severe  respiratory  fail- 
ure, tiom  ECMO  to  conventional  ventilation.  Because  pa- 
tients on  ECMO  may  develop  complications,  such  as  bleed- 
ing or  infection,  that  rec]uire  removal  from  ECMO,  the  op- 
tion of  using  HFOV  as  a  bridge  is  appealing.  The  use  of  this 
method  of  ventilation  could  also  reduce  the  need  for  pro- 
longed periods  of  ECMO.  Some  authors  have  suggested 
HFOV  may  be  beneficial  during  ECMO  because  critical 
hnig  inflation  can  be  maintained  without  ongoing  ventilator- 
induced  lung  injury.'^  This  hypothesis  has  been  supported  by 
recent  animal  work."' The  availability  of  this  suppoil  system 
in  the  treatment  of  life-threatening  respiratory  failure  may 
offer  clinicians  anothci'  option  to  promote  impnncd  patient 
outcome. 
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Summary 


Introduction 

Infants  and  children  may  present  with  a  variety  of  acute 
and  chronic  upper-  and  large-airway  disorders,  some  of  which 
may  be  life-threatening.  Although  patient  history  and  physical 
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examination  can  help  localize  signs  and  symptoms  to  either 
the  upper  or  large  airways,  diagnostic  studies  are  frequently 
required  to  more  specifically  localize  and  define  these  lesions. 
Indirect  evaluation  of  airway  anatomy  and  function  utilizing 
radiographic  or  pulmonar>'  function  studies  may  give  impor- 
tant infomiation  in  regards  to  etiology,  therapy,  and  progno- 
sis. However,  in  many  instances  direct  evaluation  is  required 
to  detemiine  specific  etiologies  and  guide  definitive  interven- 
tion. Flexible  airway  endoscopy  (FAE)  is  a  well-recognized 
and  important  technique  that  allows  direct  evaluation  of  the 
anatomy  and  function  of  the  hirynx  and  large  airways,  access 
to  lung  lavage  lluid  and  biopsy  specimens  for  culture  ;uid  di- 
agnostic studies,  and  several  therapeutic  interventions,  .some 
of  which  may  be  life  saving.  Although  FAE  has  been  utilized 
in  the  study  of  the  neonatal  and  pediatric  airway  for  several 
years,  the  clinical  and  research  applications  of  this  procedure 
in  these  populations  continue  [o  expand.  Therefore,  a  thor- 
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ough  knowledge  of  available  airway  endoscopic  equipment, 
developmental  airway  anatomy,  pediatiic  sedation  and  moni- 
toring, clinical  utility,  possible  complications  of  airway  en- 
doscopy, and  potential  research  applications  is  essential  for 
physicians  and  caregivers  to  understand  the  important  and 
under-appreciated  role  of  FAE  in  the  evaluation  and  manage- 
ment of  neonatal  and  pediatric  airway  and  pulmonary  disor- 
ders. 

Technical  Aspects 

Despite  the  current  controversies  surrounding  the  role  of 
technology  in  increasing  medical  costs,  advances  in  fiberop- 
tic and  image-recording  technology  have  greatly  increased 
our  ability  to  safely  and  effectively  detect  neonatal  and  pedi- 
atric airway  and  pulmonary  abnonnalities,  thus  allowing  ear- 
lier and  more  appropriate  intervention.  It  has  been  known  for 
many  years  that  thin  glass  fibers  with  individual  diameters  of 
5-12  ^  have  the  property  of  reflecting  light  internally  even 
when  the  fiber  is  bent  or  twisted.  Coating  the  exterior  of  the 
glass  fiber  with  a  transparent  material  of  lower  refractive 
index  than  the  core  glass  (cladding  glass)  results  in  complete 
optical  insulation  of  the  fiber  and  improved  light  transmis- 
sion. Additionally,  cladding  glass  can  be  utilized  as  a  bond- 
ing medium,  allowing  multiple  small  fibers  to  be  fused  to- 
gether, improving  strength  and  flexibility.  If  a  large  number 
of  such  fibers  are  bundled  together  such  that  each  end  of  the 
bundle  has  the  same  precise  regular  arrangement,  then  a  high 
resolution  image  can  be  passed  from  one  end  of  the  bundle  to 
the  other.  A  fiberoptic  endoscope  can  thus  be  completed  by 
polishing  both  cut  ends  of  the  fiber  bundles  and  adding  ob- 
jective and  ocular  lenses.'"^  The  first  fiberoptic  bronchoscope 
for  diagnostic  use  in  adults  was  introduced  by  Ikedo  and  the 
Machida  Endoscope  Co  Ltd,  in  1966.'  The  original  instru- 
ment did  not  have  a  suction  channel  or  a  directable  tip. 
Within  a  short  period  of  time,  this  adult  bronchoscope  was 
improved  by  the  addition  of  a  suction  and  instrument  channel 
and  finger-control  mechanism  to  maneuver  the  distal  tip.' 

Directable  Pediatric  Flexible  Endoscopes 

In  the  mid- 1 970s,  a  flexible  fiberoptic  bronchoscope  with 
a  directable  tip  was  developed  by  the  Olympus  Optical  Co 
Ltd  that  had  potential  pediatric  applications.  Clinical  utility 
of  this  instrument  in  the  evaluation  of  pediatric  airway  disor- 
ders was  initially  reported  by  Wood  in  1978."*  Since  the  intro- 
duction of  this  original  pediatric  flexible  bronchoscope,  sev- 
eral improvements  have  occurred  that  have  enhanced  the 
quality  of  the  transmitted  image,  decreased  the  risk  of  trans- 
missible infection,  and  greatly  expanded  the  number  of 
neonatal  and  pediatric  applications  of  FAE.  Because  newer 
instruments  have  a  greater  density  of  optical  fibers  with  less 
non-light-transmitting  space  between  each  fiber,  they  are 


smaller,  more  flexible,  transmit  more  light,  and  have  greater 
resolution  and  field  of  view.  Additionally,  these  newer  in- 
struments are  completely  immersible,  allowing  for  more 
thorough  cleaning  and  disinfection.'  The  most  useful  pedi- 
atric instruments  continue  to  have  a  directable  tip,  which  al- 
lows the  distal  end  of  the  bronchoscope  to  be  maneuvered 
into  third-  and  fourth-generation  bronchi  in  even  the  smallest 
infants.  The  current  standaid  directable  pediatric  flexible 
bronchoscope  has  an  outer  diameter  of  3.6  mm,  a  1 .2-mm 
channel,  and  a  distal  tip  that  can  be  angled  upward  160°  and 
downward  100°.  Unfortunately,  a  major  limitation  of  this  in- 
strument is  that  most  standard  biopsy  forceps,  cytology 
brushes,  and  protected  catheters  cannot  pass  through  the  1 .2- 
mm  channel. 

A  smaller  directable  ultrathin  bronchoscope  is  available 
with  an  outer  diameter  of  2.2  mm,  no  channel,  and  a  distal  tip 
that  can  be  angled  upward  160°  and  downward  90°.  This  in- 
strument can  be  passed  through  an  endotracheal  tube  with  an 
inner  diameter  of  2.5  mm  and  thus  has  diagnostic  and  inter- 
ventional applications  even  in  the  smallest  premature  infants. 
In  contrast,  the  smallest  available  pediatric  rigid  broncho- 
scope has  an  inner  diameter  of  2.5  mm  and  outer  diameter  of 
4.0  mm,  limiting  its  potential  u.sefulness  to  older,  larger,  pre- 
mature and  tenn  infants.  Additionally,  the  rigid  broncho- 
scope cannot  be  angled  and  thus  cannot  easily  reach  third- 
and  fourth-generation  bronchi.  To  compensate  for  this  limi- 
tation, fiberoptic  telescopes  can  be  used  in  conjunction  with 
the  rigid  instniment  to  allow  angulation  to  120°.* 

Other  Flexible  Endoscopes  with  Neonatal 
and  Pediatric  Applications 

Other  flexible  endoscopes  that  have  potential  pediatric 
applications  include  small  directable  adult  flexible  broncho- 
scopes, non-directable  flexible  endoscopes,  and  fiberoptic 
catheters.  Directable  adult  flexible  bronchoscopes  are  avail- 
able with  outer  diameters  of  5.0-5.2  mm,  channels  of  2.0-2.2 
mm,  and  distal  tips  that  can  be  angled  upward  180°  and 
downward  130°.  These  instruments  can  be  utilized  for  proce- 
dures in  older  children  and  allow  passage  of  most  standard 
biopsy  forceps,  cytology  brushes,  and  protected  catheters 
through  the  channel.  In  intubated  patients,  these  instruments 
are  limited  to  children  with  endotracheal  tubes  with  inner  di- 
ameters >  6.5  mm.  In  nonintubated  patients,  these  instru- 
ments can  be  utilized  in  children  8  years  of  age  and  older. 

At  the  smaller  end  of  the  spectrum  aie  non-directable 
flexible  endoscopes  and  fiberoptic  catheters.  Non-directable 
flexible  endoscopes  are  available  with  outer  diameters  as 
small  as  1.8  mm.  These  instruments  do  not  have  channels 
and  do  not  allow  angling  of  the  distal  tip.^  Fiberoptic 
catheters  are  also  available  with  outer  diameters  as  small  as 
1 .3  mm.  The  smaller  fiberoptic  catheters  do  not  have  chan- 
nels; however,  fiberoptic  catheters  with  outer  diameters  of 
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2.0  mm  or  greater  are  available  with  channels.  As  with  non- 
directable  flexible  endoscopes,  one  of  the  major  limitations 
of  fiberoptic  catheters  is  the  inability  to  manipulate  the  distal 
tip."'*  Thus  both  the  non-directable  flexible  endoscopes  and 
fiberoptic  catheters  are  limited  to  use  in  children  with  endo- 
tracheal tubes  or  tracheostomies.  Even  in  children  with  artifi- 
cial airways,  the  inability  to  angle  the  distal  tip  of  these  in- 
struments remains  an  important  limitation.  Unless  the  endo- 
scopist is  able  to  manipulate  the  distal  tip  of  the  endoscope  to 
identify  definitively  all  of  the  major  anatomic  landmarks, 
then  he/she  will  not  be  certain  of  the  precise  location  of  the 
endoscope  in  the  airway  and  may  misidentify  segmental  and 
subsegmental  airways. 

Ancillary  Equipment  and  Accessories 

Ancillary  equipment  and  accessories  important  for  suc- 
cessful performance  of  neonatal  and  pediatric  FAE  include 
supportive  endoscopic  equipment,  respiratory  therapy  equip- 
ment, accessories  for  I.V.  access,  resuscitation  equipment 
and  medications,  and  patient  monitors.  Exceedingly  helpful 
supportive  endoscopic  equipment  includes  a  high  intensity 
xenon  or  halogen  cold-light  source,  videocamera,  high-reso- 
lution television  monitor,  and  videorecorder.  The  availability 
of  this  equipment  not  only  allows  several  interested  ob- 
servers to  view  the  findings  during  the  actual  procedure,  but 
also  allows  video  documentation  for  subsequent  review.  This 
equipment  can  be  placed  on  a  mobile  cart,  which  permits 
procedures  to  be  performed  in  critical  care  areas,  the  emer- 
gency department,  and  operating  suites.  TTie  importance  of 
video  documentation  cannot  be  underestimated.  Potentially 
pathologic  endoscopic  findings  can  be  reviewed  repeatedly 
and  in  slow  motion  or  frame  by  frame  after  the  procedure,  al- 
lowing for  shorter  procedure  times  with  resultant  decreased 
incidence  of  complications  and  thus  improved  safety. 
Additionally,  recorded  studies  can  be  reviewed  by  consul- 
tants so  that  recommendations  for  subsequent  diagnostic  or 
therapeutic  intervention  can  be  made  on  the  basis  of  visual 
examination  of  the  airway  findings,  rather  than  verbal  report. 

Respiratory  therapy  equipment  that  is  helpful  to  ensure 
patient  safety  and  facilitate  performance  of  airway  proce- 
dures includes  nasal  cannulas  for  oxygen  delivery,  tonsillar- 
tip  suction  catheters  for  clearance  of  oral  secretions  and  eme- 
sis,  and  various  sizes  of  soft  suction  catheters  for  clearance 
of  secretions  from  the  nose  and  artificial  airways.  For  criti- 
cally ill,  mechanically  ventilated  patients,  bronchoscopic 
adapters  in-line  with  the  ventilator  circuit  improve  patient 
safety  during  the  procedure  by  allowing  introduction  of  the 
bronchoscope  into  the  endotracheal  tube  or  tracheostomy 
without  interruption  of  continuous  mechanical  ventilation. 
Specimen  traps,  various  sizes  of  syringes,  and  nonbacterio- 
static  saline  are  necessary  to  facilitate  performance  of  bron- 
choalveolar  lavage  (BAL). 


Intravenous  (I.V.)  access  is  strongly  recommended  for 
procedures  that  require  sedation  or  that  involve  bron- 
choscopy and/or  BAL.  Equipment  to  establish  I.V.  access  in- 
cludes several  sizes  of  I.V.  catheters,  tape,  armboards,  hep- 
arin and  saline  flush,  T-connectors,  syringes,  I.V.  tubing,  and 
I.V.  fluids.  Because  FAE  with  or  without  sedation  may  be  as- 
sociated with  complications,  this  equipment  should  be  im- 
mediately available  during  all  procedures. 

Resuscitation  equipment  and  medications  should  also  be 
immediately  available  during  all  airway  procedures. 
Equipment  should  include,  but  not  be  limited  to,  face  masks, 
bag-valve  ventilation  devices,  endotracheal  tubes,  and  laryn- 
goscopes. This  equipment  should  be  available  in  appropriate 
neonatal  and  pediatric  sizes.  Medications  should  include 
epinephrine,  atropine,  and  appropriate  sedative  reversal 
agents.  Currently  available  sedative  reversal  agents  include 
naloxone  (for  reversal  of  narcotics)  and  flumazenil  (for  re- 
versal of  benzodiazepines).  Size-adjusted  emergency  drug 
doses  and  recommendations  for  use  during  cardiopulmonary 
arrest  have  recently  been  reviewed.'" 

Developmental  Airway  Anatomy 

Successful  pertormance  of  FAE  in  infants  and  small  chil- 
dren requires  not  only  appropriate  flexible  endoscopes  and 
ancillary  equipment,  but  also  recognition  that  there  are  dif- 
ferences between  adult  and  infant  airway  anatomy.  When 
compared  to  the  adult,  the  following  differences  are  impor- 
tant: 

•  The  infant's  tongue  is  relatively  larger  in  proportion  to  the 
rest  of  the  oral  cavity. 

•  The  infant's  larynx  is  higher  in  the  neck — the  premature 
infant's  larynx  is  located  at  the  level  of  the  body  of  the 
third  cervical  vertebrae  (C3)  and  the  full-tenn  infant's  lar- 
ynx at  the  interspace  of  C3  and  C4  (the  adult's  larynx  is 
located  at  the  interspace  of  C4  and  C5). 

•  The  infant's  epiglottis  is  narrower,  omega-shaped,  and 
angled  away  from  the  tracheal  axis  (the  adult's  epiglottis 
is  broader,  flatter,  and  parallel  to  the  tracheal  axis). 

•  The  infant's  arytenoids  are  larger  and  more  redundant  in 
proportion  to  the  rest  of  the  larynx. 

•  The  narrowest  portion  of  the  infant's  airway  is  at  the  le\el 
of  the  cricoid  cartilage  (the  narrowest  portion  of  the 
adult's  airway  is  at  the  glottic  opening). 

•  The  infant's  large  airways  are  more  compliant. ' ' 

These  differences  result  in  the  infant's  being  at  greater 
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nsk  tor  upper-  and  large-airway  obstruction  in  the  situations 
of  respiratory  infection,  airway  manipulation,  or  sedation. 
This  greater  potential  for  airway  obstruction  should  cause  the 
neonatal  and  pediatric  flexible  airway  endoscopist  to  ap- 
proach her/his  patient  with  additional  concern  for  detecting 
and  minimizing  sedation  and  procedure-related  complica- 
tions. 

Sedation  and  Patient  Monitoring 

One  outstanding  feature  of  FAE  is  that  it  rarely  requires 
general  ane.sthesia.'-'^  However,  most  procedures  performed 
in  pediatric  patients  require  conscious  .sedation.  Exceptions 
include  small  infants  undergoing  only  diagnostic  laryn- 
goscopy, infants  and  children  with  artificial  airways  under- 
going only  diagnostic  bronchoscopy  or  tracheoscopy,  and 
certain  infants  and  children  with  severe  respiratory  distress 
or  cardiovascular  instability.  The  level  of  conscious  sedation 
is  important.'""  The  level  of  sedation  should  allow  the  patient 
to  remain  comfortable  and  provide  the  endoscopist  with  the 
cooperation  necessary  to  complete  the  procedure.  Deep  seda- 
tion, while  potentially  making  the  procedure  easier  to  per- 
fomi,  may  excessively  depress  spontaneous  ventilation  and 
alter  airway  tone,  thus  resulting  in  alteration  of  airway  dy- 
namics and  increasing  the  risk  of  complications.  Hence,  deep 
sedation  may  result  in  the  endoscopist  missing  significant  la- 
ryngeal and  large-airway  dysfunction  (eg,  laryngomalacia, 
vocal  cord  paralysis,  and  tracheomalacia).  Alternatively,  the 
endoscopist  may  misdiagnose  sedation-induced  upper-air- 
way dysfunction  in  an  otherwise  normal  patient  as  pathologi- 
cally important.  To  minimize  the  need  for  sedative  agents 
and  thus  the  risk  of  deep  sedation,  we  have  found  it  helpful  to 
peifomi  procedures  in  a  quiet,  relaxed  atmosphere,  which 
decreases  the  apprehension  of  the  child,  and  to  provide  ade- 
quate topical  anesthesia  of  the  nasal  passages  and  upper  air- 
way, which  decreases  local  discomfort.  On  the  other  hand, 
inadequate  sedation  is  traumatic  to  the  patient,  parents,  and 
staff  and  may  result  in  a  less  than  optimal  examination  of  the 
larynx  and  large  airways.  Hence,  in  the  inadequately  sedated 
patient,  the  endoscopist  may  miss  important  upper-  and 
large-airway  lesions  altogether. 

Not  surprisingly,  there  is  little  consensus  concerning  the 
choice  and  doses  of  sedative  agents  for  FAE.  The  ideal  seda- 
tive agent  would  have  a  rapid  onset  and  short  duration  of  ac- 
tion, relieve  anxiety,  cause  minimal  change  in  responsive- 
ness, not  alter  airway  protective  reflexes,  and  have  no  car- 
diorespiratory or  other  adverse  effects.  Unfortunately  such  a 
sedative  agent  does  not  exist.  Pertinent  factors  to  consider 
when  choosing  a  sedative  agent  include  the  child's  age,  med- 
ical condition,  previous  response  to  sedation,  potential  length 
of  the  procedure,  and  preference  of  the  endoscopist.  Several 
agents  have  been  utilized  to  induce  conscious  sedation  in  in- 
fants and  children  including  benzodiazepines,  narcotics. 


short-acting  barbiturates,  chloral  hydrate,  ketamine,  and 
propofol.  I.V.  sedative  agents  have  several  potential  advan- 
tages, including  easier  titration  to  the  desired  level  of  seda- 
tion, shorter  duration  of  action  than  when  given  by  other 
routes,  and  rapid  reversal  of  narcotics  and  benzodiazepines 
with  specific  reversal  agents.  Unfortunately,  all  sedative 
agents  can  cause  serious  adverse  effects.  Thus,  the  endo- 
scopist should  have  a  thorough  understanding  of  the  specific 
agent  used,  its  mode  and  duration  of  action,  and  its  potential 
adverse  effects.  A  comprehensive  review  of  issues  related  to 
pediatric  sedation  has  been  published  recently." 

Adequate  monitoring  of  infants  and  children  undergoing 
FAE  and/or  conscious  sedation  is  essential  to  avoid  life- 
threatening  complications.  Preprocedure  evaluation  is  manda- 
tory and  should  include  pertinent  history  and  physical  exam- 
ination that  includes  current  weight,  history  of  previous  drug 
reactions  and  previous  responses  to  sedation  or  general  anes- 
thesia, and  review  of  current  medications.  Guidelines  for 
monitoring  of  pediatric  patients  undergoing  FAE'"*  and/or  se- 
dation"' have  recently  been  reviewed.  FAE  requires  the  pres- 
ence of  a  skilled  observer  (other  than  the  endcscopist)  whose 
primary  responsibilities  are  to  monitor  the  status  of  the  pa- 
tient and  to  assist  in  supportive  or  resuscitative  measures. 
I.V.  access  is  strongly  recommended  for  patients  receiving 
sedation  and  for  patients  undergoing  bronchoscopy  and/or 
BAL.  Sedated  patients  are  not  to  be  left  alone  or  unobserved. 
Because  clinical  observation  alone  is  not  sufficient  for  the 
detection  of  hypoxia,''"*  assessment  of  adequate  oxygena- 
tion by  continuous  pulse  oximetry  during  and  immediately 
after  the  procedure  is  strongly  recommended  in  non-sedated 
patients  and  is  mandatory  in  .sedated  patients.  Continuous 
monitoring  of  heart  rate  and  intennittent  monitoring  of  respi- 
ratory rate  are  mandatory  in  both  non-sedated  and  sedated 
patients.  In  sedated  patients,  blood  pressure  should  be  inter- 
mittently monitored.  After  completion  of  the  procedure, 
careful  monitoring  should  be  continued  until  the  patient  re- 
turns to  the  pre.sedation  level  of  responsiveness,  regains  in- 
tact protective  airway  reflexes,  demonstrates  cardiorespirato- 
ry stability,  no  longer  requires  oxygen  supplementation  to 
maintain  adequate  oxygen  saturations  (or  if  previously  on 
oxygen,  returns  to  baseline  level  of  oxygen  supplementa- 
tion), and  tolerates  oral  liquids. 

Clinical  Utility 

There  are  many  diagnostic  and  interventional  neonatal 
and  pediatric  applications  of  FAE.  Very-low-birthweight  in- 
fants, both  ventilated  and  non-ventilated,  can  be  adequately 
and  safely  examined  with  the  newer  directable  ultrathin 
bronchoscopes.  Infants  and  older  children  can  safely  undergo 
BAL  with  adequate  diagnostic  yield,  utilizing  the  currently 
available  directable  pediatric  and  small  adult  bronchoscopes. 
Transbronchial  biopsy  techniques  have  recently  been  applied 
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in  certain  pediatric  populations.  Life-saving  interventions 
have  been  assisted  or  performed  with  the  aid  of  flexible  bron- 
choscopes in  both  neonatal  and  pediatric  populations.  Thus, 
the  indications  for  FAE  in  the  diagnosis  and  management  of 
neonatal  and  pediatric  airway  and  lung  disorders  continue  to 
expand.  Nevertheless,  enthusiasm  for  the  application  of  FAE 
to  less  serious,  self-limited  disorders  should  be  tempered  by 
the  knowledge  that  this  procedure  is  not  without  risk.  In  gen- 
eral, FAE  should  only  be  performed  if  the  information  to  be 
gained  or  the  expected  therapeutic  benefits  outweigh  the  po- 
tential risk,  however  small. '"^ 

Neonatal  Applications 

Indications  for  diagnostic  FAE  in  infants  include  congen- 
ital or  acquired  stridor,  abnormal  cry  or  hoarseness,  failed  en- 
dotracheal tube  extubation,  suspected  airway  obstruction,  re- 
current cyanotic  or  apneic  episodes,  recurrent  wheezing  un- 
responsive to  medical  therapy,  unilateral  lung  or  lobar 
overintlation,  and  suspected  artificial  airway  complications. 
In  most  series,  stridor  is  the  most  common  indication  for 
FAE  in  infants.''-'*'--"  The  most  common  findings  in  infants 
with  congenital  stridor  are  laryngomalacia,  subglottic  nar- 
rowing, vocal  cord  paralysis,  and  mass  lesions  (eg,  laryngeal 
and  subglottic  cysts,  subglottic  hemangioma).*"--" -'  It  is  in- 
teresting that  upper-airway  pathology  is  associated  with  en- 
doscopically  confirmed  tracheal  lesions  in  10-35%  of  infants 
with  congenital  stridor. '--"-"' Thus,  laryngoscopy  alone  is  not 
sufficient  for  the  evaluation  of  infants  with  congenital  stri- 
dor. These  children  should  undergo  both  flexible  laryn- 
goscopy and  bronchoscopy. 

In  the  neonatal  intensive  care  nursery,  stridor  and  upper- 
airway  obstruction  occurring  after  endotracheal  tube  extuba- 
tion are  also  frequent  indications  for  FAE.-^  Findings  include 
subglottic  edema,  subglottic  narrowing,  subglottic  granulo- 
mas, subglottic  cysts,  laryngeal  webs,  and  laryngeal  dysfunc- 
tion.-'-'' Symptoms  and  etiologic  factors  as.sociated  with  post- 
extubation  laryngeal  injury  in  infants  have  recently  been  in- 
vestigated.-^ -**  Stridor  is  a  specific  but  insensitive  sign  in 
detecting  moderate  or  major  laryngeal  injury  immediately 
postextubation.  In  the  majority  of  infants  with  early,  moder- 
ate laryngeal  injury,  injury  tends  to  resolve  during  the  1-2 
weeks  following  extubation.-'  However,  initial  severe  laryn- 
geal injury  does  not  tend  to  resolve  and  usually  requires  sur- 
gical intervention.-'-''  Duration  of  intubation  greater  than  7 
days  appears  to  be  positively  correlated  with  development  of 
early  moderate  or  major  laryngeal  injury.-"  Subsequent  de- 
velopment of  moderate  or  severe  subglottic  stenosis  appc;irs 
to  be  positively  correlated  with  both  number  of  intubations 
and  duration  of  intubation  greater  than  25  days.  The  majority 
of  infants  with  moderate  or  severe  subglottic  stenosis  exhibit 
stridor.-''  These  data  suggest  that  FAE  should  be  performed 
in  all  infants  with  postextubation  stridor  and  in  infants  who 


require  intubation  for  greater  than  25  days.  Moderate  and 
major  laryngeal  abnormalities  should  be  serially  followed. 
Surgical  intervention  should  be  considered  for  major  laryn- 
geal abnormalities  and  severe  subglottic  stenosis. 

Another  increasingly  recognized  and  important  problem 
in  premature  and  mechanically  ventilated  infants  is  large  air- 
way injury.  The  recent  availability  of  directable  ultrathin 
flexible  bronchoscopes  allows  large-airway  evaluation  not 
only  in  extubated  infants  but  also  in  intubated  critically  ill  in- 
fants and  infants  with  tracheostomies.  These  instruments  are 
being  utilized  to  evaluate  the  large  airways  in  infants  with 
persistent  atelectasis,  bronchopulmonary  dysplasia,  suspect- 
ed airway  obstruction,  unilateral  lung  or  lobar  overinflation. 
and  suspected  tracheo.stomy  complications." '"'''  Findings  in 
these  infants  include  mucosal  inflammation,  thick  secretions, 
airway  granulomas,  tracheomalacia,  bronchomalacia,  tra- 
cheal stenosis,  bronchial  stenosis,  vascular  compression,  and 
congenital  airway  abnormalities.  We  utilized  a  directable  ul- 
trathin flexible  bronchoscope  to  prospectively  evaluate  the 
development  of  tracheal  injury  in  conventionally  ventilated 
premature  infants."'  Serial  bronchoscopies  were  pertbrmed 
through  the  endotracheal  tube  during  the  first  month  of  life. 
A  clinical  scoring  system  of  tracheal  injury  was  utilized  to 
evaluate  severity  of  mucosal  and  obstructive  injury.  Prelim- 
inary findings  suggest  that  in  conventionally  ventilated  pre- 
mature infants,  moderate-to-severe  tracheal  mucosal  injury 
occurs  frequently  during  the  tlrst  several  days  of  life  and 
tends  to  improve  by  the  fourth  week  of  life.  Mild  obstructive 
changes  begin  to  appear  during  the  second  week  of  life  and 
tend  to  persist  into  the  fourth  week  of  life."'  Thus,  early,  se- 
vere large-airway  mucosal  injury  may  possibly  predispose 
ventilated  premature  infants  to  the  development  of  later 
large-airway  obstructive  injury.  Additionally,  the  duration  of 
mechanical  ventilation  may  be  an  important  risk  factor  for 
the  development  of  more  severe  obstnictive  injury.  Further 
investigations  of  large-airway  injury  in  ventilated  premature 
infants  should  focus  upon  natural  history,  identification  of 
risk  factors,  and  development  of  strategies  for  prevention  and 
treatment. 

Pediatric  Applications 

Indications  for  diagnostic  FAE  in  older  infants  and  chil- 
dren include  stridor,  abnormal  voice,  recurrent  croup,  sus- 
pected airway  obstruction,  recurrent  wheezing  unresponsive 
to  medical  therapy,  recurrent  cyanotic  or  apneic  episodes, 
chronic  cough,  persistent  or  recunent  pulmonary  infiltrates 
or  atelectasis,  hemoptysis,  equivocal  airway  foreign  body, 
suspected  airway  trauma,  smoke  inhalation,  failed  endotra- 
cheal extubation,  and  suspected  artificial  aii"way  complica- 
tions.''- '■•■-"■"""  The  most  common  findings  of  FAE  pcr- 
fomied  for  uppei-aii-way  indications  (eg.  stridor,  recunent 
croup,  abnormal  voice)  include  laryngomalacia,  subglottic 
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pathology,  vocal  cord  dysfunction,  adenoidal  or  tonsillar  hy- 
pertrophy, upper  airway  hypotonia,  and,  occasionally,  tra- 
cheal pathology. '•'-■-"-"■-'''"'-'  The  most  common  findings  of 
FAE  performed  for  lower  airway  indications  (eg,  recurrent 
wheezing,  recurrent  or  persistent  pulmonary  infiltrates,  or  at- 
electasis) include  tracheomalacia,  tracheal  stenosis,  tracheal 
inflammation,  extrinsic  or  vascular  compression  of  the  tra- 
chea, bronchomalacia.  bronchial  stenosis,  and,  rarely,  for- 
eign bodies. ^■'-■"■-"■'^-"*  Thus,  when  FAE  is  utilized  for  evalu- 
ation of  the  upper  and  large  airways  in  appropriate  patient 
populations,  most  of  the  studies  reveal  significant  airway 
pathology,  and  these  findings  have  direct  impact  upon  pa- 
tient management. 

FAE  is  not  advocated  for  foreign  body  removal  in  chil- 
dren at  high  risk  for  foreign  body  a.spiration.'-''*''^  Because 
there  are  virtually  no  special  instruments  for  foreign  body  re- 
moval that  can  be  used  in  conjunction  with  the  available  pe- 
diatric flexible  bronchoscopes,  children  who  are  highly  sus- 
pected of  foreign  body  aspiration  on  the  basis  of  history, 
physical  examination,  and  radiographic  evaluation  should 
undergo  rigid  bronchoscopy  under  general  anesthesia.  FAE 
is  an  appropriate  procedure  for  those  children  who  have  a 
suspicious  history  of  possible  foreign  body  aspiration  but  no 
physical  or  radiographic  evidence  to  support  the  diagnosis. 
Advantages  of  this  approach  include  avoidance  of  general 
anesthesia,  prompt  recovery  time  with  avoidance  of 
overnight  hospitalization,  ability  to  examine  more  peripheral 
airways,  and  less  cost.'"  If  a  foreign  body  is  found  during 
FAE.  it  should  not  be  manipulated,  and  the  child  should  un- 
dergo rigid  bronchoscopy  for  definitive  removal. 

Diagnostic  applications  of  FAE  in  pediatric  intensive  care 
include  evaluation  of  ( I )  both  intubated  and  nonintubated 
children  with  wheezing  unresponsive  to  medical  therapy, 
smoke  inhalation,  airway  trauma,  suspected  airway  obstruc- 
tion, cyanotic  episodes,  persi.stent  or  recurrent  pulmonary  in- 
filtrates or  atelectasis,  and  hemoptysis;  (2)  nonintubated  chil- 
dren with  acute  or  postextubation  stridor,  obstructive  sleep 
apnea,  and  upper-airway  mass  lesions;  (3)  intubated  children 
with  suspected  artificial  airway  obstruction  or  malposition, 
epiglottitis  (when  extubation  is  anticipated),  and  tracheo- 
bronchomalacia (as  a  method  of  evaluating  the  effects  of 
PEEP  on  airway  dynamics);  and  (4)  children  with  tra- 
cheostomies prior  to  decannulation.""""  Advantages  of  FAE 
in  the  critical  care  setting  include  ( I )  ability  to  bring  the  flex- 
ible bronchoscope  and  other  ancillary  equipment  to  the  bed- 
side. (2)  ability  to  perfomi  the  procedure  without  general 
anesthesia,  (3)  short  procedure  time,  and  (4)  excellent  ability 
to  assess  airway  dynamics.  Disadvantages  include  ( 1 )  possi- 
ble airway  compromise,  (2)  possible  complications  relating 
to  sedation,  and  (3)  difficulty  in  evaluating  the  aii"way  in  un- 
cooperative patients.^'  Acute  or  postextubation  stridor  re- 
mains a  common  indication  for  FAE  in  the  pediatric  inten- 
sive care  unit.  The  most  common  findings  in  children  with 


acute  stridor  include  .subglottic  edema  and  vocal  cord  paraly- 
sis, whereas  the  most  common  findings  with  postextubation 
stridor  include  subglottic  edema,  laryngeal  granulomas,  and 
subglottic  narrowing.""  Another  frequent  indication  for  FAE 
in  the  critical  care  setting  is  recurrent  wheezing  unresponsive 
to  medical  therapy.  The  most  common  findings  include  tra- 
cheobronchomalacia, tracheal  extrinsic  or  vascular  compres- 
sion, tracheal  mass  lesions  (eg,  papillomas,  granulomas),  and 
tracheal  stenosis.^'  Thus,  in  carefully  selected  ventilated  and 
nonventilated  children  in  the  pediatric  intensive  care  unit,  di- 
agnostic FAE  yields  important  information  that  has  direct 
impact  upon  patient  management. 

Bronchoalveolar  Lavage 

BAL  is  a  useful  technique  to  obtain  airway  and  alveolar 
fluid  for  diagnostic  studies  including  cytology,  histopatho- 
logic examination,  and  cultures.  BAL  is  performed  by  gently 
wedging  the  distal  end  of  the  flexible  bronchoscope  into  a 
segmental  or  subsegmental  bronchus  and  then  instilling  sev- 
eral aliquots  of  nonbacteriostatic  saline,  each  followed  by  a 
brief  period  of  suctioning.  The  resultant  BAL  fluid  is  collect- 
ed in  a  specimen  trap  and  subsequently  transported  to  the 
laboratory.  The  number  and  size  of  the  aliquots  remains  con- 
troversial, but  typically  2-3  aliquots  of  0.5-1  mL/kg  are  in- 
stilled. The  total  volume  of  instilled  fluid  (all  aliquots) 
should  not  exceed  10%  of  functional  residual  capacity  or  ap- 
proximately 3  mL/kg,  with  a  maximum  total  in  older  chil- 
dren or  adolescent  patients  of  300  mL.''"  Flexible  broncho- 
scopes used  to  perform  BAL  must  have  a  suction  channel,  ef- 
fectively limiting  this  technique  to  infants  and  children  who 
can  tolerate  introduction  of  these  instruments  into  segmental 
and  subsegmental  bronchi.  Nonbronchoscopic  techniques  to 
obtain  BAL  from  intubated  infants  and  children  have  been 
described  recently. -'''•-''- 

BAL  is  performed  in  both  immunocompetent  and  im- 
munocompromised infants  and  children.  Indications  for 
BAL  in  immunocompetent  patients  include  atypical  pneu- 
monia, su.spected  chronic  aspiration,  recurrent  hemoptysis, 
pulmonary  sarcoidosis,  and  adult  respiratory  distress  syn- 
drome.'"-'''''' Indications  for  BAL  in  immunocompromised 
patients  include  pulmonary  infiltrates  of  unknown  etiology 
in  children  with  cancer''*  or  following  bone  marrow  trans- 
plantation.'' acute  pulmonary  disease  in  children  with  ac- 
quired immunodeficiency  syndrome*'''-  or  other  immunode- 
ficiency.''' and  as  an  adjunctive  study  to  monitor  for  rejection 
or  infection  following  lung  transplantation.*'^  The  diagnostic 
yield  of  BAL  is  variable  and  depends  upon  the  disease  pro- 
cess, extent  of  disease,  history  of  previous  antimicrobial  ther- 
apy, sampling  technique  (eg,  number  and  size  of  aliquots, 
number  of  sites  sampled,  and  use  of  warm  vs  room-tempera- 
ture saline),  and  sophistication  of  the  laboratory  processing 
the  BAL  fluid.  For  example,  the  diagnostic  yield  of  BAL  in 
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children  u  ith  pulmonary'  infections  depends  upon  the  under- 
l)ing  disease  process  and  previous  use  of  empiric  antimicro- 
bial therapy.  Lower  yields  occur  in  children  who  undergo 
early  institution  of  empiric  antimicrobial  therapy  prior  to  in- 
vasive diagnostic  studies,  whereas  higher  yields  occur  in 
children  who  undergo  early  invasive  diagnostic  studies  prior 
to  the  institution  of  empiric  antimicrobial  therapy.'''* ''-  In  ad- 
dition, although  positive  BAL  results  in  children  with  pul- 
monary infections  do  correlate  well  with  open-lung-biopsy 
results,  negative  BAL  results  do  not  obviate  the  need  for  fur- 
ther more  invasive  diagnostic  studies,  particularly  in  children 
who  are  not  responding  to  empiric  antimicrobial  therapy."*-'''' 
Thus.  BAL  has  an  important  role  in  the  diagnostic  workup  of 
children  with  a  variety  of  pulmonary  disorders.  Positive  BAL 
results  are  helpful  in  guiding  further  patient  management; 
however,  negative  BAL  results  should  not  preclude  further 
more  invasive  diagnostic  workup  or  result  in  discontinuation 
of  therapy,  particularly  in  the  child  who  appears  to  be  wors- 
ening. 

Transbronchial  Biopsy 

Transbronchial  biopsy  (TBB)  is  a  useful  technique  to  ob- 
tain lung  tissue  for  diagnostic  studies  including  histopatho- 
logic examination  and  cultures.  In  children,  indications  for 
TBB  include  monitoring  for  rejection  or  infection  following 
lung  transplantation,  chronic  or  progressive  interstitial  pul- 
monary infiltrates  of  unknown  etiology,  suspected  sarcoido- 
sis, and  suspected  malignant  lung  lesions.'^''^  To  increase  the 
diagnostic  yield,  TBB  is  frequently  done  in  conjunction  with 
BAL.  Pediatric  TBB  has  usually  been  performed  under  gen- 
eral anesthesia;  however,  as  experience  has  increased,  more 
procedures  are  being  perfomied  under  conscious  sedation.''^ 
Currently  available  biopsy  forceps  for  use  with  flexible  bron- 
choscopes require  a  channel  diameter  of  at  least  2.0  mm. 
Unfortunately,  this  effectively  limits  TBB  to  older  children 
because  only  small  adult  flexible  bronchoscopes  have  the 
requisite  channel  size.  Recently,  however,  a  transbronchial 
biopsy  technique  has  been  described  for  younger  children 
utilizing  the  pediatric  rigid  bronchoscope.*'** 

Therapeutic  Interventions 

FAE  is  utilized  to  endoscopically  assist  conventional  air- 
way surgical  procedures  in  infants  and  children.  The  ultra- 
thin  instruments  are  particularly  useful  during  these  surgical 
procedures.  Examples  include  assessment  of  tracheal  dy- 
namics during  and  after  repair  of  congenital  tracheal  lesions, 
direct  endoscopic  guidance  of  inlei-vention  for  tracheal  ob- 
structive lesions,  and  direct  endoscopic  guidance  of  Fogarty 
balloon-catheter  placement  to  occlude  symptomatic  tra- 
cheoesophageal fistulas.''"^"  Thus,  in  selected  situations, 
FAE  allows  visualization  of  the  large  airways  so  that  appro- 


priate and  sometimes  life-saving  surgical  procedures  can  be 
pertbrmed  under  direct  visualization.  The  flexible  broncho- 
.scope  is  also  utilized  as  the  primary  interventional  instnmient 
in  situations  of  difficult  tracheal  intubation,  selective  bron- 
chial intubation,  positioning  of  the  endotracheal  tube  tip 
above  the  carina,  removal  of  large  mucus  plugs,  and  closure 
of  large  bronchopleural  fi.stulas  (with  methacrylate  adhesive) 
without  thoracotomy.'''' '**  Thus.  FAE  not  only  has  several 
important  diagnostic  applications,  but  it  also  provides  several 
important  therapeutic  options  in  the  management  of  difficult 
neonatal  and  pediatric  airway  problems. 

Complications 

Although  the  majority  of  neonatal  and  pediatric  proce- 
dures are  perfomied  without  adverse  consequences,  compli- 
cations may  occur  during  and  immediately  after  FAE.  In 
general,  complications  can  be  categorized  as  minor  or  major 
and  may  be  related  to  either  the  procedure  itself  or  to  unto- 
ward effects  of  sedation. 

Minor  Complications 

Minor  complications  of  neonatal  and  pediatric  flexible 
laryngoscopy  and  bronchoscopy  include  transient  hypoxia, 
transient  bradycardia,  transient  minor  arrhythmias,  minor 
epistaxis.  emesis.  and  laryngospasm. **■'-■'■*■--'-"'■■"'-'''*■'''  Tran- 
sient changes  in  systolic  blood  pressure  of  10-15  mm  Hg 
may  occur  in  conventionally  ventilated  premature  infants 
during  and  immediately  after  FAE.'"  Each  subsequent  proce- 
dure adds  additional  risk.  Thus,  additional  minor  complica- 
tions of  BAL  include  prolonged  cough  (for  up  to  2-3  hours 
following  the  procedure),  transient  decrease  in  lung  function, 
and  fever  (usually  within  4-12  hours  of  the  procedure).''-*' 
Additional  minor  complications  of  TBB  include  minor  air- 
way hemorrhage  immediately  after  the  procedure  and  post- 
procedure cough  productive  of  blood-tinged  sputum.'"'' 

Major  Complications 

Major  complications  of  neonatal  and  pediatric  FAE  are 
rare  and  include  prolonged  severe  hypoxia,  respiratoiy  dis- 
tress, respiratory  failure,  acute  seizure,  prolonged  post-proce- 
dure stridor,  severe  airway  edema,  severe  airway  hemor- 
rhage, serious  anhythmia.  pneumonia,  lung  abscess,  and 
pneumothorax.'" '■'■*■-"■-'■"'■" '*'*"-  Additional  major  complica- 
tions of  BAL  and  TBB  include  severe  bronchospasm.  hy- 
potension, and  cardiorespiratory  iirrest."^  **"  Transient  sepsis- 
like systemic  effects  consisting  of  fever,  hypotension,  and 
hypoxia  have  occuned  several  hours  after  BAL  in  critically 
ill  ventilated  adults  with  pneumonia.**'  However,  this  prob- 
lem has  not  been  reported  in  children.  Of  concern,  there  has 
been  one  reported  pediatric  death  incidentally  as.sociated 
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with  FAE  and  BAL;  the  child  had  chronic  severe  upper-air- 
way obstruction  secondary  to  iaryngomalacia  with  resultant 
cor  pulmonale.  During  the  procedure  hypoxia  occurred,  and 
following  the  procedure  pulmonary  edema  and  hemorrhage 
ensued,  followed  by  cardiac  decompensation  and  death. '- 
Therefore,  although  procedures  with  or  without  BAL  and 
TBB  are  relatively  safe  with  only  rare  occurrence  of  major 
complications,  the  pediatric  endoscopist  must  be  prepared  to 
deal  with  potentially  life-threatening  adverse  consequences 
during  and  following  FAE. 

Contraindications 

Major  complications  of  FAE  tend  to  occur  in  patients 
with  underlying  disorders  or  critical  illnesses.  Based  upon 
these  observations,  relative  contraindications  to  FAE  include 
severe  upper-airway  obstruction,  profound  hypoxia  despite 
100%  oxygen  supplementation,  severe  pulmonary  hyperten- 
sion, and  coagulopathy.  Although  caution  should  be  exer- 
cised in  patients  with  coagulopathy,  FAE  can  be  pertbrmed 
safely  in  children  who  are  anticoagulated  for  extracorporeal 
membrane  oxygenation^'  and  in  patients  with  marked  throm- 
bocytopenia.'" Additionally,  FAE  can  be  performed  with  ac- 
ceptable risk  in  infants  and  children  who  are  critically  ill  or 
who  have  significant  airway  obstruction  if  the  necessary  in- 
formation cannot  be  obtained  using  safer  methods  and  if  it  is 
essential  to  further  direct  patient  management.'*^  Thus,  abso- 
lute contraindications  are  limited  to  markedly  unstable  pa- 
tients and  to  situations  in  which  FAE  will  not  add  informa- 
tion that  is  required  for  patient  management. 

Controversies 

Although  FAE  has  gained  widespread  acceptance  as  the 
procedure  of  choice  in  the  evaluation  and  management  of 
neonatal  and  pediatric  airway  and  pulmonary  disorders, 
some  controversy  remains.  Of  particular  concern  are  the  fol- 
lowing issues:  ( 1 )  the  role  of  rigid  airway  endoscopy  in  the 
evaluation  and  management  of  neonatal  and  pediatric  airway 
disorders,  (2)  the  role  of  FAE  in  foreign  body  removal,  (3) 
the  appropriate  physical  location  of  FAE  procedures,  and  (4) 
the  role  of  nonbronchoscopic  (blind)  BAL  in  the  diagnosis 
and  management  of  diffuse  pulmonary  disorders  in  intubated 
infants  and  young  children. 

Flexible  vs  Rigid  Airway  Endoscopy 

With  improvement  in  fiberoptic  technology,  availability 
of  flexible  ultrathin  bronchoscopes,  and  improved  ability  to 
monitor  infants  and  children,  does  there  remain  a  role  for 
rigid  airway  endoscopy  (RAE)  in  the  evaluation  and  man- 
agement of  neonatal  and  pediatiic  airway  disorders?  Advan- 
tages of  the  rigid  bronchoscope  include  its  superior  optics 


and  the  ability  to  ventilate  the  patient  through  the  instrument 
during  the  procedure.  The  rigid  bronchoscope  allows  the  en- 
doscopist to  better  evaluate  the  posterior  glottis  for  interary- 
tenoid  fixation  and  laryngeal  clefts  and  the  posterior  trachea 
for  H-type  tracheoesophageal  fistulas.  In  addition,  the  rigid 
bronchoscope  allows  the  endoscopist  to  perform  foreign 
body  removal  as  well  as  operative  management  of  airway 
stenosis  or  obstruction  and  to  more  easily  control  airway 
hemorrhage. '-■"•^''^^  Disadvantages  of  RAE  include  necessi- 
ty for  general  anesthesia,  distortion  of  the  larynx  to  gain  an 
adequate  view  of  the  vocal  cords,  under-appreciation  of  dy- 
namic airway  lesions,  increased  risk  of  airway  edema,  in- 
creased risk  of  pneumothorax  and  airway  perforation,  inabil- 
ity to  adequately  examine  beyond  the  third  generation  of  air- 
ways, inability  to  obtain  adequate  BAL  specimens  due  to 
difficulty  wedging  the  distal  tip  of  the  rigid  bronchoscope  in 
a  segmental  or  subsegmental  airway,  and  increased  proce- 
dure expense.'-'*''"'** 

A  major  advantage  of  the  flexible  bronchoscope  is  its 
portability,  which  allows  the  endoscopist  to  perform  proce- 
dures at  the  bedside  in  critically  ill  patients.  In  addition,  uti- 
lizing a  transnasal  approach,  the  flexible  bronchoscope  does 
not  distort  the  larynx,  allowing  the  endoscopist  to  better  eval- 
uate laryngeal  dynamics.  FAE  can  also  be  done  with  con- 
scious sedation,  avoiding  the  risks  of  general  anesthesia  and 
allowing  the  endoscopist  to  better  appreciate  laryngeal  and 
large-airway  dynamic  lesions.  Other  advantages  of  FAE  in- 
clude the  ability  to  examine  fourth-  and  fifth-generation  air- 
ways, ability  to  obtain  adequate  BAL  specimens,  and  less 
procedure  expense.'  '-•'*''"'*'*  An  important  disadvantage  of  the 
flexible  bronchoscope,  particularly  the  ultrathin  instruments, 
is  the  inability  to  adequately  ventilate  the  patient  during  the 
procedure.  Also,  because  the  flexible  bronchoscope  tends  to 
be  oriented  anteriorly  when  it  is  situated  above  the  larynx, 
the  endoscopist  may  over-appreciate  subglottic  narrowing. 
The  endoscopist  also  may  over-appreciate  dynamic  large-air- 
way lesions  because  the  flexible  bronchoscope  may  obstruct 
the  airway  enough  to  result  in  markedy  increased  respiratory 
effort  and  thus  greater  collapse  of  the  airway.  Other  disad- 
vantages of  FAE  include  inability  to  extract  foreign  bodies, 
limited  number  of  therapeutic  options,  inability  to  adequately 
control  airway  hemorrhage,  expense  of  the  flexible  broncho- 
scope itself,  and  expense  of  maintenance  and  repair  of  the 
flexible  bronchoscope.  '-■"■**''''*'' 

In  view  of  the  relative  advantages  and  disadvantages  of 
flexible  and  rigid  airway  endoscopy,  the  choice  of  which 
technique  is  most  appropriate  should  be  dictated  by  the  indi- 
cations for  the  procedure,  the  needs  of  the  patient,  the  avail- 
ability of  appropriate  equipment,  and  the  expertise  of  the  en- 
doscopists. Which  technique  is  'better"  depends  upon  the 
clinical  situation.  Both  techniques  remain  essential  for  the 
optimal  evaluation  and  therapy  of  neonatal  and  pediatric  air- 
way and  pulmonary  disorders.  It  is  imperative  that  the  flexi- 
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ble  endoscopist  and  rigid  endoscopist  communicate  effec- 
tively with  one  another  and  share  the  same  goal  of  optimum 
patient  care.  An  airway  procedure  should  be  performed  only 
when  the  infomiation  to  be  gained  or  expected  therapeutic 
benefits  are  essential  to  further  guide  patient  management 
and  outweigh  the  risks  of  the  procedure.''''*' 

Foreign  Body  Removal 

Most  authors  agree  that  removal  of  airway  foreign  bodies 
in  children  should  be  performed  under  general  anesthesia  uti- 
lizing the  rigid  bronchoscope.'-'"'''^'"  Although  flexible 
bronchoscopy  has  been  advocated  as  an  appropriate  and  safe 
method  of  foreign  body  removal  in  adults.''-  the  pediatric 
flexible  bronchoscope  has  at  least  two  distinct  disadvantages 
when  compared  to  larger  adult  instruments.  These  disadvan- 
tages include  an  inadequate  channel  size  to  pass  most  instru- 
ments utilized  in  operative  procedures  for  foreign  body  re- 
moval and  the  inability  to  ventilate  the  child  through  the 
bronchoscope  during  the  procedure.  There  have  been  occa- 
sional case  reports  describing  foreign  body  removal  from  a 
child,  typically  under  general  anesthesia  utilizing  a  small 
adult  flexible  bronchoscope.'"  ''■'  In  one  of  these  case  reports, 
the  foreign  body  was  unsuspected  and  in  an  upper  lobe 
bronchus,  a  location  that  may  be  inaccessible  to  the  rigid 
bronchoscope.*"  Thus,  although  foreign  body  removal  in 
children  should  continue  to  be  peifomied  with  the  rigid  bron- 
choscope, there  may  be  an  occasional  exceptional  circum- 
stance, such  as  a  foreign  body  located  in  an  upper  lobe 
bronchus,  where  use  of  the  flexible  bronchoscope  may  be  ad- 
vantageous. 

Flexible  Airway  Endoscopy  Outside  of  the 
Endoscopy  Suite 

One  of  the  major  advantages  of  the  flexible  bronchoscope 
is  its  portability,  allowing  the  endoscopist  to  perfonn  proce- 
dures outside  of  the  operating  room  and  endoscopy  suite. 
This  advantage  is  especially  useful  in  the  neonatal  and  pedi- 
atric intensive  care  setting,  where  transport  of  an  intubated 
infant  or  child  to  the  operating  room  might  be  difficult  and 
potentially  result  in  inadveilent  extubation.  Can  infants  and 
children  safely  undergo  FAE  in  the  emergency  room?  In  an 
attempt  to  answer  this  question  several  issues  should  be  con- 
sidered, including  indications  for  the  procedure,  age  of  the 
child  and  his/her  ability  to  cooperate  with  the  procedure,  type 
of  procedure  to  be  performed,  need  for  sedation,  availability 
of  monitoring  and  resuscitation  equipment,  skill  of  ancillary 
personnel,  and  skill  of  the  endoscopist."  The  primary  indica- 
tion for  FAE  in  the  emergency  room  is  for  emergency  man- 
agement of  the  difUcult  airway.''''  However,  flexible  laryn- 
goscopy in  the  emergency  room  has  been  advocated  for  the 
evaluation  of  stridor  and  upper-airway  obstruction.''" 


Unfortunately,  the  typical  adult-oriented  emergency  room 
may  not  be  the  best  location  to  evaluate  the  airway  of  an 
acutely  ill  infant  or  child.  If  the  infant  or  child  is  in  acute  dis- 
tress but  can  maintain  adequate  ventilation,  then  evaluation 
of  the  airway  may  best  be  accomplished  in  a  pediatric  trauma 
or  operating  room  where  appropriately  skilled  personnel  are 
available  to  pertbmi  intubation,  tracheostomy,  and/or  other 
procedures  if  necessary.''^  If  the  infant  or  child  is  in  mild  or 
moderate  distress,  evaluation  of  the  airway  may  best  be  ac- 
complished in  the  pediatric  intensive  care  unit,  operating 
room,  or  endoscopy  suite  where  appropriately  skilled  person- 
nel and  pediatric  resuscitation  equipment  are  immediately 
available.'"*  Because  major  coniplications  can  and  do  occur 
in  infants  and  children  undergoing  flexible  laryngoscopy 
with  or  without  bronchoscopy,  it  is  important  that  these  pro- 
cedures be  pertbn"ned  by  a  skilled  pediatric  airway  endo- 
scopist with  the  assistance  of  support  personnel  skilled  in  pe- 
diatric resuscitation  in  a  location  that  has  appropriate  pedi- 
atric monitoring  and  resuscitation  equipment.  In  most 
situations,  this  will  not  be  the  emergency  room. 

Bronchoscopic  vs  Nonbronclioscopic 
Bronchoalveolar  Lavage 

In  children  and  adults  with  suspected  pneunionia.  flexible 
bronchoscopes  have  been  utilized  to  obtain  BAL  fluid  (bron- 
choscopic BAL)  for  diagnostic  studies  and  cultures.  Recent- 
ly, the  practice  of  obtaining  bronchoscopic  BAL  routinely  in 
intubated  adults  with  suspected  pneumonia  has  been  ques- 
tioned.'"*''''  It  has  been  suggested  that  blind  BAL  (nonbron- 
cho.scopic  BAL)  and  blind  protected-brush  catheter  tech- 
niques may  be  acceptable  niethods  to  establish  the  diagnosis 
of  pneumonia  in  selected  intubated  patients.'''""" 

In  intubated  infants  and  children,  the  technique  of  bron- 
choscopic BAL  is  limited  by  the  ability  to  pass  a  pediatric 
bronchoscope  of  adequate  suction-channel  size  through  the 
small-sized  endotracheal  tubes  utilized  in  these  patients.  The 
most  commonly  used  pediatric  bronchoscope  with  an  ade- 
quate suction-channel  size  to  obtain  BAL  has  an  outer  diam- 
eter of  3.6  mm.  This  instmment  cannot  be  introduced  into  an 
endotracheal  tube  with  an  internal  diameter  of  less  than  4.5 
mm.  Recently,  the  efficacy  of  nonbronchoscopic  BAL  in  de- 
termining the  etiology  of  respiratory  failure  in  a  group  of  in- 
fants and  young  children  was  assessed.^-  Thirteen  intubated 
infants  and  children  less  than  2  years  of  age  with  diffuse  pul- 
monary infiltrates  underwent  nonbronchoscopic  BAL.  There 
were  no  serious  adverse  complications,  although  seseral  pa- 
tients had  transient  oxygen  desaturation.  On  average,  70'/^  of 
the  instilled  lavage  fiuid  was  recovered.  The  procedure  yield- 
ed a  specific  infectious  etiology  and  change  in  therapy  in  S  of 
the  1.'^  patients.  Thus,  nonbronchoscopic  BAL  may  be  a  use- 
ful alternative  for  the  diagnosis  of  pulmonaiy  infiltrates  in  in- 
fants and  children  intubated  with  endotracheal  tubes  that  do 
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not  allow  for  bronchoscopic  BAL.  A  comparison  of  bron- 
choscopic  and  nonbronchoscopic  BAL  in  the  diagnosis  of 
suspected  pneumonia  in  intubated  children  has  not  been  re- 
ported. 

Research  Issues 

As  noted  above.  FAE  has  been  utilized  in  infants  and 
children  to  investigate  complications  of  intubation  and  me- 
chanical ventilation-^"'  and  etiology  of  suspected  pneumo- 
nia in  intubated  and  nonintubated  patients. ^°'^^-'''-^'****  One  of 
the  most  promising  research  utilizations  of  FAE  and  BAL 
has  been  in  the  investigation  of  mechanisms  of  lung  inflam- 
mation in  cystic  fibrosis  (CF)."^'  '"^  Interleukin-8  (IL-8)  is 
the  major  neutrophil  chemotactic  factor  in  the  lung  and  ap- 
pears to  be  a  marker  of  lung  inflammation.  BAL  obtained 
from  5  children  with  CF  between  4  and  1 8  years  of  age  con- 
tained high  levels  of  IL-8  when  compared  to  controls. 
Moreover,  the  levels  of  IL-8  in  BAL  appeared  to  be  directly 
correlated  to  the  severity  of  pulmonary  involvement."" 
However,  18  CF  patients  between  12  and  36  years  of  age 
with  stable,  mild  pulmonary  disease  had  significantly  in- 
creased numbers  of  neutrophils  and  levels  of  immunoglob- 
ulin and  active  elastase  in  BAL  when  compared  to  con- 
trols.'"- This  suggests  that  there  is  ongoing  infection  and 
lung  innammation  not  only  in  CF  patients  with  more  severe 
pulmonary  disease  but  also  in  patients  with  stable,  mild 
pulmonary  disease.  Recently,  at  least  two  groups  have  re- 
ported BAL  results  obtained  from  CF  infants  diagnosed  on 
the  basis  of  newborn  screening.  It  is  surprising  that  BAL 
obtained  from  36  infants  at  the  median  age  of  2  months  re- 
vealed that  the  majority  of  asymptomatic  infants  had  lower 
airway  infection,  primarily  with  Staphylococcus  aiireiis.^"^ 
Also,  BAL  obtained  from  9  infants  at  the  mean  age  of  3.5 
months  had  significantly  increased  numbers  of  neutrophils 
and  levels  of  elastase/ai-protease  inhibitor  complex  and  IL- 
8.  Repeat  BAL  at  the  mean  age  of  14  months  revealed  sim- 
ilar increases  in  these  markers  of  lung  inflammation.'"^ 
Thus,  the  examination  of  BAL  from  CF  patients  reveals 
that  markers  of  lung  inflammation  appear  early  in  infancy 
and  seems  to  persist  throughout  life.  Of  concern,  these 
markers  of  lung  inflammation  appear  elevated  even  in  indi- 
viduals who  are  asymptomatic  or  who  have  clinically  mild 
pulmonary  disease.  The  challenge  for  both  clinicians  and 
researchers  is  not  only  to  better  understand  the  pathophysi- 
ology of  lung  inflammation  in  CF  but  also  to  develop 
strategies  of  therapy  that  decrease  ongoing  lung  inflamma- 
tion. We  believe  that  BAL  will  be  an  important  tool  in  the 
evaluation  of  therapeutic  outcomes,  particularly  in  regards 
to  changes  in  markers  of  lung  inflammation,  not  only  in  in- 
fants and  children  with  CF  but  also  in  infants  and  children 
with  bronchopulmonary  dysplasia,  asthma,  and  other  in- 
flammatory lung  disorders. 


Summary 

The  availability  of  small,  directable  flexible  endoscopes, 
particularly  the  ultrathin  instruments,  has  improved  the  abili- 
ty of  the  endoscopist  to  safely  evaluate  and  manage  neonatal 
and  pediatric  airway  and  pulmonary  disorders.  Indications 
for  the  use  of  these  instruments  continue  to  expand.  The  flex- 
ible bronchoscope  has  recently  become  an  important  re- 
search tool  in  the  evaluation  of  lung  inflammation,  particu- 
larly in  cystic  fibrosis.  Adequate  understanding  of  develop- 
mental airway  anatomy  and  issues  specific  to  pediatric 
sedation  is  essential  to  the  successful  use  of  these  instru- 
ments in  infants  and  children.  Appropriate  patient  monitor- 
ing during  and  immediately  after  the  procedure  is  important, 
and  special  precautions  must  be  taken  with  appropriately 
sized  resuscitation  equipment  and  emergency  medications 
immediately  available.  Video  documentation  is  exceptional- 
ly helpful  to  review  and  share  diagnostic  findings,  particular- 
ly with  the  pediatric  airway  surgeon.  Bronchoalveolar  lavage 
and  transbronchial  biopsy  are  important  adjunctive  proce- 
dures that  are  useful  in  the  evaluation  of  pulmonary  infection 
and  other  parenchymal  disorders.  Flexible  bronchoscopes 
are  being  utilized  to  endoscopically  assist  conventional  air- 
way surgical  procedures  and  as  primary  interventional  in- 
struments in  the  management  of  difficult  airway  problems. 
Compared  with  rigid  airway  endoscopy,  flexible  airway  en- 
doscopy not  only  has  unique  advantages  but  also  specific 
limitations.  Both  procedures  remain  essential  for  the  optimal 
evaluation  and  therapy  of  neonatal  and  pediatric  airway  and 
pulmonary  disorders.  Finally,  although  we  believe  that  flexi- 
ble airway  endoscopy  is  undemtilized  in  the  evaluation  and 
management  of  neonatal  and  pediatric  airway  and  pul- 
monary disorders,  an  airway  procedure  should  only  be  per- 
formed if  the  information  to  be  gained  or  the  expected  thera- 
peutic benefits  outweigh  the  potential  risk  to  the  child,  how- 
ever small. 
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INTRODUCTION 

High  frequency  ventilation  (HFV)  and  extracorporeal  life 
support  (ECLS)  have  become  alternatives  for  the  manage- 
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ment  of  neonates  with  severe  respiratory  failure  who  do  not 
respond  to  conventional  mechanical  ventilation  (CMV) 
strategies.  These  therapies  have  been  developed  in  an  effort 
to  reduce  the  mortality  and  morbidity  associated  with  CMV 
in  these  patients.  Although  these  therapies  offer  their  respec- 
tive advantages,  it  is  important  for  clinicians  to  understand 
their  benefits  and  risks,  and  how  to  best  incorporate  them 
into  the  patient-management  scheme.  In  this  article,  we 
briefly  review  the  technical  aspects  and  clinical  considera- 
tions of  ECLS.  We  refer  the  reader  to  0"Rourke"s  excellent 
and  in-depth  review  of  ECLS — a  more  complete  treatment 
of  this  topic' 

The  bulk  of  this  paper  is  devoted  to  high-frequency  oscil- 
latory ventilation  (HFOV)  and  its  clinical  strategies.  We  de- 
scribe the  influence  of  HFOV  on  the  need  for  ECLS  and,  to 
the  extent  they  are  known,  the  determinants  of  HFOV  failure. 
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EXTRACORPOREAL  LIFE  SUPPORT 

Extracoqjoreal  life  support  is  the  technique  of  utilizing 
external  artificial  organs  and  circulatory  technology  to  pro- 
vide cardiopulmonary  support.  This  technology  was  origi- 
nally developed  to  support  patients  in  the  operating  room 
during  cardiac  surgery,  and  its  use  was  limited  to  several 
hours.-'  Refinements  have  been  made  that  permit  its  use  in 
the  intensive  care  setting  for  the  management  of  patients 
with  severe  cardiopulmonary  problems  for  periods  of  days 
to  weeks."""  In  this  setting,  extracorporeal  circulation  en- 
ables minimization  of  mechanical  ventilatory  support,  ob- 
viating the  risk  of  iatrogenic  lung  damage  and  allowing  the 
lungs  time  to  recover  from  their  underlying  disease.  ECLS 
is  also  known  as  extracorporeal  membrane  oxygenation 
(ECMO). 

Technical  Considerations 

There  are  two  types  of  ECLS  that  differ  primarily  by 
their  route  of  cannulation — venoarterial  (VA)  and  venove- 
nous(VV)ECLS.' 


pressure  normally  used  during  ECLS  may  improve  cardiac 
output.'-  Should  myocardial  dysfunction  worsen  or  oxy- 
genation become  insufficient  during  VV  ECLS,  conversion 
to  VA  support  can  be  performed." 

ECLS  Circuit  Design 

ECLS  circuit  design  varies  among  institutions.  The  ideal 
design  should  promote  unobstructed  venous  drainage, 
maintain  laminar  flow,  require  minimum  blood-priming  vol- 
ume, suitable  for  long  temi  use,  and  be  mobile  for  intrahospi- 
tal  transport.  Blood  flow  through  a  typical  VA  circuit  begins 
with  gravity  drainage  through  the  venous  cannula  into  a 
small  reservoir  that  is  part  of  a  servo-regulated  safety  sys- 
tem." From  this  point,  the  blood  is  actively  pumped  through 
the  membrane  oxygenator,  continues  through  the  heat  ex- 
changer, and  is  reinfused  into  the  right  common  carotid 
artery  (Fig.  1 ).'  The  VV  and  VA  circuits  are  identical  except 
that  the  reinfusion  site  for  VV  ECLS  is  a  vein. 

Once  the  patient  is  connected  to  the  ECLS  circuit,  fluid 
balance  and  the  cardiopulmonary,  hematologic,  and  neuro- 


Venoarterial  ECLS 

VA  ECLS,  the  more  traditional  of  the  two,  has  the  ad- 
vantage of  providing  both  respiratory  and  cardiac  support. 
However,  it  has  the  disadvantage  of  inteiTupting  the  carotid 
artery  for  use  as  the  reinfusion  vessel.  The  risks  of  using  the 
carotid  artery  in  neonates  are  unknown,  although  .some  ex- 
perience suggests  that  this  population  has  experienced  an 
increase  in  right-side  brain  lesions.**  Some  patients  have 
had  the  carotid  artery  reconstructed  after  ECLS,  but  data 
from  long-term  follow-up  are  insufficient,  and  the  success 
of  this  reconstruction  remains  unproven.'' 

Oxygen  delivery  during  VA  ECLS  results  from  a  combi- 
nation of  both  the  blood  flow  from  the  extracoiporeal  circuit 
and  from  the  patient's  native  circulation.^  In  this  parallel  sys- 
tem, increasing  the  extracoiporeal  flow  diverts  more  blood 
into  the  ECLS  membrane,  and  less  blood  is  circulated 
throughout  the  native  lungs,  improving  arterial  oxygenation. 

Venovenous  ECLS 

During  VV  ECLS,  blood  is  drained  and  reinfused  into 
the  venous  system.  This  form  of  circulation  provides  not 
only  pulmonary  support  but  eliminates  the  need  for  carotid 
artery  interruption.'""  Oxygenated  blood  inixcs  with  sys- 
temic venous  return  in  the  right  atrium,  raising  the  oxygen 
content  and  enhancing  COi  removal.  The  presence  of  mild- 
to-moderate  myocardial  dysfunction  does  not  preclude  the 
use  of  VV  support.  The  improved  oxygenation  often  re- 
duces pulmonary  vascular  resistance,  and  the  lower  airway 


Right 

common  carotid 


Ascending  oorto 


Pump 
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Fig.  1.  Diagram  showing  the  components  of  and  the  direction  of 
blood  flow  through  a  venoartenal  extracorporeal  membrane  oxy- 
genation circuit.' 
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logic  systems  are  closely  monitored.  Ventilator  support  is 
minimized  until  lung  recovery  is  evident  and  separation  from 
ECLS  can  be  accomplished. 

General  Criteria  for  ECLS 

In  the  early  years  of  neonatal  ECLS,  patient  selection  was 
purely  subjective.  Subsequently,  several  methods  have  been 
proposed  to  standardize  ECLS  criteria.  Bartlett's  group  de- 
veloped the  neonatal  pulmonary  insufficiency  index,  which 
plotted  pH  and  Fjo:  over  time  to  a  point  at  which  the  risk  of 
mortality  exceeded  80%.''*  The  index,  however,  became  un- 
suitable for  patients  with  induced  alkalemia,  commonly  used 
for  the  treatment  of  persistent  pulmonary  hypertension  of  the 
newborn  (PPHN).  Krummel  and  colleagues  reported  that  an 
alveolar-arterial  oxygen  difference  P(A-a)02  of  >  620  torr  for 
6-12  hours  was  associated  with  an  80%  mortality."  This  cri- 
terion, however,  is  not  useful  for  neonates  who  rapidly  dete- 
riorate or  for  those  bom  at  high  altitude. 

Ortega's  group  proposed  the  oxygenation  index  (OI),  a 
calculation  based  on  mean  airway  pressure  (Paw).  Fio;,  and 
Pa02.  ^s  an  indicator  for  ECLS."" 


OI: 


(PawMFlo,) 


(100). 


They  described  a  mortality  >  80%  when  the  OI  was  >  40. 
Their  results  have  been  reproduced  by  other  institutions,  and 
OI  is  currently  the  most  widely  accepted  predictor  of  mortal- 
ity used  in  neonates  who  are  in  respiratory  failure  and  receiv- 
ing CMV. 

Although  successfully  used  to  treat  reversible  lung  dis- 
ease, ECLS  is  not  without  its  inherent  risks.  In  addition  to 
mortality  predictors  for  initiating  ECLS,  other  criteria  must 
be  considered.  Patients  are  systemically  anticoagulated  dur- 
ing ECLS  to  prevent  circuit  thromboses.  Bleeding  associated 
with  anticoagulation  continues  to  be  the  major  complication 
associated  with  ECLS.'^ 

In  the  early  ECLS  studies,  Bartlett  reported  that  1 7  of  1 9  in- 
fants <  35-weeks  gestation  suffered  from  intraventricular  hem- 
orrhage (IVH)  while  on  ECLS.  He  recommended  that 
neonates,  bom  at  <  35-weeks  gestation  and  those  with  pre-ex- 
isting IVH,  be  excluded  from  ECLS  until  anticoagulation 
management  techniques  used  during  ECLS  were  improved."* 

Recently,  Wilson  and  his  group  published  their  success 
with  employing  an  antifibrinolytic  drug,  e-aminocaproic  acid 
( Amicar),  for  infants  considered  to  be  at  a  high  risk  for  IVH 
and  other  types  of  hemorrhage.  They  reported  a  decrease  in 
the  incidence  of  IVH  from  1 8%  to  0%  and  a  decrease  in  all 
postoperative  bleeding  with  this  drug  alone. ''^  Due  to  these 
encouraging  results,  we  have  considered  ECLS  for  neonates 
that  are  bom  as  early  as  32-weeks  gestation. 

ECLS  has  become  an  accepted  means  of  cardiopul- 


monary support  for  neonates  with  progressive  respiratory 
failure  who  have  failed  CMV.  PPHN  continues  to  be  the 
major  pathophysiologic  condition  treated  with  ECLS.-" 
Disorders  commonly  associated  with  PPHN  include  meconi- 
um aspiration  syndrome  (MAS),  perinatal  asphyxia,  congen- 
ital diaphragmatic  hernia  (CDH),  sepsis,  and  respiratory  dis- 
tress syndrome  (RDS).'' 

These  conditions  are  typically  reversible  with  ECLS;  how- 
ever, high  ventilatory  pressures  and  Fiqi,  commonly  used  to 
treat  PPHN,  may  lead  to  lung  injury  and  inhibit  recovery. 
Because  the  successful  application  of  ECLS  is  in  part  depen- 
dent on  the  reversible  nature  of  the  underlying  pulmonary  dis- 
order, long-term  CMV  is  a  relative  contraindication  to  ECLS 
because  of  potential  irreversible  iatrogenic  injury.-  There  is  a 
general  consensus  among  ECLS  centers  that  7-14  days  of 
CMV  excludes  the  patient  as  an  ECLS  candidate.-- 

At  our  institution,  we  have  employed  ECLS  in  four  in- 
fants with  histories  of  extended  mechanical  ventilation  and 
diagnoses  of  BPD.  All  four  were  successfully  weaned  from 
mechanical  ventilation.  We,  therefore,  no  longer  consider  an 
extended  period  of  CMV  as  an  absolute  contraindication  for 
ECLS.  Identifying  the  point  at  which  excessive  ventilation 
outweighs  the  risks  of  ECLS,  has  long  troubled  clinicians. 
The  search  continues  for  criteria  to  achieve  maximal  long- 
term  survival  with  minimal  morbidity. 

Patient  Demographics 

Since  the  first  reported  success  with  ECLS  in  neonates  by 
Bartlett  and  associates,''*  the  number  of  active  ECLS  centers 
has  continued  to  grow  and  now  totals  108.-°  Data  from  ECLS 
centers  are  voluntarily  reported  to  the  Extracorporeal  Life 
Support  Organization  (ELSO)  Registry.™  This  database  con- 
tains information  on  more  than  1 1 ,000  neonatal,  pediatric, 
and  adult  cases  (Table  1).  As  of  October  1994,  9,663 
neonates  had  been  treated,  with  an  overall  survival  rate  of 
81%.-°  Survival  data  by  diagnostic  category  are  shown  in 
Table  2. 


Table  1.  Distribution  of  Patients  Treated  with  ECMO  since  1973  and 
Reported  to  the  ELSO  Registry-" 


Group 

Total 

%  Survival 

Neonatal 

9,66.^ 

81 

Cardiac 

1.314 

43 

Pediatric 

845 

51 

Adult 

156 

42 

Despite  the  proliferation  of  ECLS  centers,  a  decrease  in 
the  total  number  of  neonates  treated  with  ECLS  has  been  re- 
ported by  the  ELSO  Registry,  paralleling  our  institutional  ex- 
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pcricnce.  We  reviewed  our  ECLS  demographics  and  catego- 
rized the  patients  into  six  groups:  MAS-PPHN.  CDH,  sepsis, 
primary  cardiac  disease.  RDS.  iind  all  pediatric  applications. 
We  constructed  a  graph  (Fig.  2)  using  our  institutional  data 
collected  from  1984  to  the  present.  This  unpublished  retro- 
spective analysis  revealed  that  there  had  been  a  reduction  in 
the  number  of  neonatal  patients,  particularly  those  with 
MAS-PPHN  and  CDH.  referred  for  ECLS.-'  Despite  the 
concurrent  increases  in  pediatric  and  cardiac  patients,  our  an- 
nual ECLS  census  has  decreased. 


The  Distribution  and  Survival  of  Neonatal  Patients  Treated  Since 
1973  with  Extracorporeal  Life  Support  According  to  Their 
Precipitating  Diagnosis.  Data  arc  from  the  ELSO  Registry-" 


Diagnosis 

Total 

%  Survival 

MAS* 

3,547 

93 

CDHt 

1,886 

58 

Pneumonia/sepsis 

1,493 

76 

PPHNt 

1,271 

83 

RDS§ 

1,074 

84 

Air-leak  syndrome 

44 

73 

Other 

syndrome. 

348 

77 

'Meconium  aspiration 

■''Congenital  diaphragmatic  hernia. 

tPersistenl  pulmonary  hypertension  of  the 

newborn. 

§Respiralory  distress  s 

yndrome. 

We  suspect  that  the  reduction  in  our  neonatal  ECLS  cen- 
sus has  occurred  because  of  a  variety  of  factors.  Early  ante- 
natal diagnosis  of  CDH  followed  by  elective  temiination  of 
the  pregnancy  has  reduced  the  overall  admissions  of  this 


Fig.  2.  Frequency  distribution  by  diagnosis  of  patients  treated  with 
extracorporeal  membrane  oxygenation.  Data  are  from  the  Children's 
Hospital,  Boston,  IVIassachussetts. 


subgroup.  The  administration  of  exogenous  surfactant  to 
neonates  with  RDS  has  reduced  the  duration  of  CMV  and 
greatly  reduced  the  need  for  ECLS  in  this  group.-'*  Most  no- 
ticeable is  the  apparent  decline  in  the  need  for  ECLS  in  pa- 
tients managed  with  high-frequency  oscillatory  ventilation 
(HFOV),  particularly  those  diagnosed  with  MAS.--'^-" 

Cronin  et  al  reported  our  initial  experience  with  HFV  and 
described  a  50%  reduction  in  our  neonatal  medical  ECLS  pa- 
tients.-'' Also,  the  application  of  inhaled  nitric  oxide,  al- 
though still  under  investigation,  may  further  reduce  the  need 
for  ECLS  in  patients  with  PPHN.-' 

With  the  total  ECLS  population  being  divided  among  an 
increasing  number  of  ECLS  centers,  we  believe  those  insti- 
tutions that  will  thrive  and  remain  proficient  in  ECLS  tech- 
niques will  be  those  prepared  to  adapt  to  the  changing  demo- 
graphics and  newer  applications  including  pediatric,  cardiac, 
and  adult  patients. 


HIGH  FREQUENCY  VENTILATION 
Overview 

High  frequency  ventilation  (HF^)  is  a  general  term  used 
to  describe  the  delivery  of  gas  with  tidal  volumes  that  are 
equal  to  or  less  than  dead  space  and  at  supraphysiologic  res- 
piratory rates.  There  are  four  types  of  high-frequency  ventila- 
tors, each  classified  as  having  a  passive  or  an  active  expirato- 
ry phase  (Table  3).-'*  Ventilation  with  passive  exhalation  in- 
cludes high-frequency  positive-pressure  ventilation 
(HFPPV),  high-frequency  flow-interruptor  ventilation 
(HFFI),  and  high-frequency  jet  ventilation  (HFJV).  High-fre- 
quency oscillatory  ventilation  (HFOV)  utilizes  both  an  active 
in.spiratory  and  an  active  expiratory  pha.se.-'*  This  active  expi- 
ratory phase  may  reduce  the  potential  for  gas  trapping.-'" 
HFPPV  is  usually  accomplished  with  a  standiird  continuous- 
tlow  infant  ventilator  with  frequencies  up  to  150.  The  other 
HFV  devices  incorporate  frequencies  of  240  to  3.000  cy- 
cles/min  (ie.  4-50  hertz  [Hzl).-**  They  may  also  incorporate 
the  use  of  a  convention^  mechanical  ventilator  to  superim- 
pose periodic  sighs.  All  of  these  devices  have  been  success- 
fully used  to  rescue  neonates  when  CMV  has  failed."  ''' 

Froesc  demonstrated  that  all  high-frequency  devices 
could  be  used  successfully  with  similar  strategies  in  animals 
with  diffuse  alveolar  disease."  Hamm  et  al  observed  lessen- 
ing of  lung  injury  in  animals  with  HFJV  when  high  volume 
strategies  similar  to  HFOV  were  used.'"  Each  HFV  device 
has  its  own  performance  characteristics  and  limitations  that 
must  be  considered.  Specific  maneuvers  may  not  be  applica- 
ble from  one  device  to  another.  For  example.  end-expiratt>ry 
pressure  is  adjusted  with  a  conventional  ventilator  in  some 
HFJV  devices  while  P^m,  the  HFOV  analogue  of  end-expira- 
tory pressure  during  CMV,  is  independently  adjusted  with 
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Table  3.   Characleristics  cif  Various  Types  of  High-Frequency  Ventilators 


High  Frequency  Ventilators 


HFOViJ 


Tidal  volume 

>Vdll 

=  Vd 

=  Vd 

<Vd 

Exhalation 

Passive 

Passive 

Passive 

Active 

Waveform 

Variable 

Triangular 

Triangular  or  sinusoidal 

Sinusoidal  or  square 

EnU-ainment 

No 

Possibly 

No 

No 

Frequency 

60-150 

60-600 

300-900 

300-3000 

*High-frequency  positive  pressure  ventilator. 
tHigh-frequencyjet  ventilator. 
iHigh-frequency  flow  interruptor. 
§High-frequency  oscillatory  ventilator. 
"Anatomic  dead  space. 


HFOV  devices."  What  has  evolved  from  research  and  chni- 
cal  experience  is  that  management  strategies  appear  to  be  the 
same  regardless  of  the  type  of  device.  * 

High-Frequency  Oscillatory  Ventilation 

Theory  and  Application 

Device  Characteristics.  HFOV  is  unique  among  HFVs  in 
that  it  employs  an  active  expiratory  phase.  These  devices 
typically  utilize  a  piston,  diaphragm,  or  bellows  to  drive  or 
oscillate  fresh  gas  that  has  been  supplied  by  a  continuous  hu- 
midified bias  flow  across  the  endotracheal  tube.  Forward 
movements  of  the  pump  deliver  boluses  of  gas  to  the  lungs 
and  the  reciprocating  backward  movement  withdraws  a 
bolus  of  equal  volume.  TTie  exhaled  gases  exit  the  circuit  via 
a  low-pass  filter  (resistor)  that  establishes  and  maintains  Paw- 
Theoretical  Advantage.  During  CMV,  gas  is  delivered  as 
bulk  flow  that  fills  the  anatomic  dead  space  and  then  the 
alveoli,  resulting  in  large  pressure  fluctuations  in  the  lungs. 
Lung  volume  is  constantly  changing,  being  lowest  at  end-ex- 
piration and  highest  at  peak  inspiration.'**  In  the  presence  of 
diffuse  alveolar  lung  disease,  a  reduction  in  functional  resid- 
ual capacity  (FRC)  leads  to  lower  closing  volumes.'**  When 
managed  with  CMV.  the  alveoli  are  prone  to  collapse  and  to 
require  expansion  with  each  mechanical  breath. 

The  use  of  large  tidal  volumes  contributes  to  lung  dam- 
age.'*°  In  fact,  it  appears  that  large  fluctuations  in  lung  vol- 
ume may  be  more  important  than  changes  in  airway  pressure 
in  causing  barotrauma  (or  volutrauina).^'  Pe.senti  et  aH-  ob- 
served that  when  CPAP  and  cardiopulmonary  bypass  were 
used  in  preterm  lambs,  hyaline  membrane  disease  (HMD) 
did  not  develop.  However,  HMD  did  develop  when  positive 
pressure  ventilation  was  employed.  Meredith's  group^'  demon- 
strated that  when  surfactant-deficient  premature  baboons  are 


ventilated  for  24  hours  with  a  high  P^^  on  HFOV,  the  lungs 
appear  normal  as  compared  to  those  animals  ventilated  with 
CMV. 

The  apparent  advantage  of  HFOV  is  the  ability  to  super- 
impose ventilation  upon  a  well-established  FRC  without  the 
influence  of  large  pressure  and  volume  swings.  During 
HFOV,  alveoli  are  inflated  by  using  a  Paw  that  is  high 
enough  to  maintain  lung  volume  above  the  closing  volume. 
This  strategy  promotes  alveolar  recruitment  and  prevents 
overdistention  of  compliant  lung  regions  and  collapse  of  less 
compliant  lung  units.'"  Ventilation-perfusion  matching  is  im- 
proved, alveolar  dead  space  is  decreased,  and  gas  exchange 
is  maintained  with  a  reduced  potential  for  lung  injury  when 
compared  to  CMV.^^  Unlike  other  forms  of  high-frequency 
ventilation,  HFOV  is  not  associated  with  a  greater  incidence 
of  tracheal  and  bronchial  damage  when  compared  to  CMV."* 

During  CMV,  Paw  cannot  be  independently  changed.  It  is 
affected  by  alterations  in  the  peak  inspiratory  pressure  (PIP), 
positive  end-expiratory  pressure  (PEEP),  inspiratory  time, 
and  respiratory  rate.  PaO:  and  Paco:.  therefore,  are  coupled  so 
that  a  change  in  any  ventilator  setting  except  F|0:  can  ulti- 
mately affect  both.  With  HFOV,  Paw  can  be  adjusted  inde- 
pendently, uncoupUng  oxygenation  and  ventilation. 

Limitations  of  HFOV.  The  goal  of  both  CMV  and  HFOV  is 

to  optimize  lung  volume  without  compromising  cardiac  out- 
put and  oxygen  delivery.  During  both  HFOV  and  CMV,  if 
enough  intrathoracic  pressure  is  generated,  the  cardiovascu- 
lar system  may  be  compromised.  An  inverse  relationship  ex- 
ists between  Paw  and  cardiac  output;  as  Paw  increases,  car- 
diac output  tends  to  decrease."*^  However,  diffuse  low-com- 
pliance alveolar  disease  mitigates  this  effect  somewhat, 
permitting  the  use  of  high  Paw  without  cardiovascular  com- 
promise in  such  cases.^*^** 

Optimizing  lung  volume  or  FRC  is  key  to  the  successful 
application  of  HFOV.  However,  lung  volume  is  difficult  to 


RESPIRATORY  CARE  •  JANUARY  '95  Vol  40  No  1 


65 


ECMO  &  HFOV  FOR  NEONATES 


measure  objectively  during  HFOV."  Clinicians  assess  lung 
volume  using  chest  radiographs  (lung  expansion)  and  lulerial 
blood  gases  (oxygenation).  Hemodynamic  instability  or  hy- 
potension may  be  indicative  of  overdistention.  Until  objec- 
tive measures  of  lung  volume  are  fully  developed  for  use 
during  HFOV.  relying  on  subjective  as.sessments  remains  a 
limitation. 

Theories  of  Gas  Transport  and  Gas  Exchange.  The  mech- 
anisms of  gas  transport  during  HFOV  are  not  fully  under- 
stood, but  several  theories  have  been  proposed  including 
bulk  convection,  pendelluft,  asymmetric  velocity  profiles, 
Taylor-type  di.spersion,  cardiogenic  mixing,  and  molecular 
diffusion."^""  It  is  likely  that  a  combination  of  these  mecha- 
nisms working  simultaneously  in  different  regions  of  the 
lung  accounts  for  the  efficiency  of  gas  exchange 

Ventilation.  During  CMV,  CO2  removal  varies  directly  with 
both  tidal  volume  (Vx)  and  breathing  frequency  (0- 

VTf=VE. 

where  V^=  minute  ventilation. 

It  has  been  shown  experimentally  that  effective  Ve  during 
HFOV  is  a  function  of  Vj-'  (the  power  varies  between  1 .7  and 
2.2)  and  frequency,  making  Vj  the  major  detemiinant  of 
CO-i  elimination.^--''' 


■f=VE 


where  x  =  1 .7  -  2.2. 


Tidal  volume  is  primarily  regulated  by  adjusting  the  ampli- 
tude control.  As  the  amplitude  is  increased,  the  piston  or  di- 
aphragm displaces  additional  bias  flow  and  increases  tidal 
volume  delivery.  The  active  expiratory  phase  may  also  en- 
hance COj  removal. 

Amplitude  is  greatly  attenuated  or  dampened  in  the  pres- 
ence of  small  diameter  endotracheal  tubes.'''* "  This  relation- 
ship is  indirect  and  nonlinear,  with  the  smallest  endotracheal 
tubes  producing  the  most  attenuation.'''' "  Attenuation  is  not 
usually  clinically  observed  because  airway  pressures  are  typ- 
ically measured  only  proximal  to  the  endotracheal  tube. 

Resonant  frequency  is  the  frequency  at  which  the  largest 
volume  change  is  achieved  with  the  least  amount  of  pressure 
applied.  The  resonant  frequency  in  the  lungs  of  paralyzed  in- 
tubated neonates  has  been  reported  to  be  between  1.^  and  2.^ 
H/.^**  Most  clinical  studies  of  HFOV  use  frequencies  of  10. 
12,  or  ]5  H/.,''''  and  little  research  has  been  conducted  to  de- 
termine the  ideal  frequency  for  specific  diagnoses.  Frequency 
is  set  during  the  initiation  of  HFOV,  and  alterations  iire  gen- 
erally not  required  in  neonates."  Chan  and  colleagues  report- 
ed that  once  optimal  P^^  was  obtained,  changing  the  frequen- 
cy in  neonates  had  no  significant  effect  on  CO2;  however. 


P;iO:  significantly  decreased  as  frequency  increased.^'  They 
attributed  the  fall  in  oxygenation  seen  at  20  Hz  to  be  related 
to  the  impaimient  of  the  oscillator's  performance  at  that  fre- 
quency. Decreasing  the  frequency  or  increasing  the  inspira- 
tory time  to  maximize  COj  removal  is  typically  reserved  for 
larger  patients  whose  Paco:  cannot  be  nomialized  using  the 
maximum  amplitude  setting.''' 

Adjustments  in  frequency  also  affect  ventilation,  princi- 
pally by  altering  the  Vj.'''*'-*'-'  A  decrease  in  the  frequency  re- 
sults in  a  longer  inspiratory  time  and  greater  equilibration  of 
the  amplitude  across  the  ETT.  Higher  frequencies  result  in 
smaller  Vjs  and  lower  frequencies  result  in  higher  Vjs. 
However,  this  effect  is  not  linear  and  above  10  Hz  Vjs 
change  very  little.''^  The  piston  or  diaphragm  spends  more 
time  in  the  forward  position,  resulting  in  the  delivery  of  a 
larger  bolus  of  bias  flow  and,  therefore,  a  larger  tidal  vol- 
ume.**-'  Tliis  change  is  not  immediately  evident  because  the 
proximal  pressure  remains  relatively  unchanged.  However, 
the  change  in  Vx  due  to  the  increased  equilibration  time  has 
been  documented  using  observations  of  an  increase  in  distal 
pressure.'*'*  Increasing  frequency  results  in  a  lower  Vj  due  to 
decreased  duration  of  inspiration.*'''  Independently  decreas- 
ing the  %  inspiratory  time  also  lowers  the  delivered  Vx."'  In 
this  case,  for  any  given  frequency,  a  greater  proportion  of  the 
breathing  cycle  is  devoted  to  expiration,  reducing  the  poten- 
tial for  gas  trapping.*"* 

Oxygenation.  During  HFOV,  mean  airway  pressure  has 
been  found  to  be  an  important  determinant  of  oxygenation  in 
both  animal  and  clinical  .studies.'^'"'"''*  Oxygenation  is  deter- 
mined by  lung  volume,  which  is  a  function  of  lung  compli- 
ance and  Paw  Therefore.  Paw  is  adjusted  to  achieve  optimal 
alveolar  recruitment  and  to  enhance  the  ventilation-perfusion 
relationship.  As  with  all  mechanical  ventilators,  adjustments 
of  Fio:  control  the  oxygen  delivered  to  the  lung. 

Because  limited  objective  measures  of  mean  lung  volume 
exi.st  and  because  Paw  is  typically  measured  proximal  to  the 
endotracheal  tube,  selection  of  the  initial  Paw  is  difficult. 
Some  have  suggested  that  Pa«  during  HFOV  should  be  the 
same  as  during  CMV,'"''  whereas  others  recommend  begin- 
ning HFOV  with  a  Paw  2-5  cm  H2O  higher  than  that  required 
on  CMV.^''^^  Data  from  an  animal  model  suggest  that  the  Paw 
measured  within  the  lung  is  slightly  lower  than  the  proximal 
airway  pressure  when  an  1:E  of  1 :2  is  used."' 

Maintaining  and  sustaining  lung  volume  by  recruitment 
with  Paw  is  essential  for  preventing  lung  injury  in  atelectasis- 
prone  lungs. ^'  Lung  injuiy  from  periodic  sustained  inflations 
has  been  reported  to  be  substantially  less  than  the  damage 
that  luises  froin  avoidance  of  volume  recruitment  in  atelecta- 
sis-prone  rabbit  lungs.'-  Gas  trapping  has  also  been  demon- 
strated when  low  mean  airway  pressures  have  been  em- 
ployed. In  their  study.  Bryan  and  Slutsky''  postulated  that 
when  lung  volume  is  low,  'choke  points'  develop,  limiting 
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maximal  expiratoiy  flow.  Jackson  et  aF""  reported  that  early 
initiation  of  HFOV  using  a  high  ?;,„,  strategy  improved  gas 
exchange,  increased  volume  of  the  alveolar  space,  and  de- 
creased airway  edema  as  compared  to  CMV.  However,  pul- 
monary cellular  injury  was  present  with  both  CMV  and 
HFOV. 

The  successful  application  of  HFOV  depends  on  the  es- 
tablishment of  an  adequate  lung  volume  or  FRC.  Once  this 
has  been  accomplished,  ventilation  and  oxygenation  can  be 
managed  independently. 

HFOV  Clinical  Trials 

HFOV  has  been  used  successfully  in  premature  and  term 
infants  with  homogenous  lung  disease  and  with  persistent  air 
leaks  (Table  4).=''-*s''''"^'""  «' The  first  clinical  study  describ- 
ing the  use  of  HFOV  in  neonates  was  perfomied  by  Marchak 
and  colleagues  in  1981."  They  supported  8  premature  in- 
fants with  RDS  for  1  to  4  hours  using  HFOV.  All  infants 


demonstrated  improvements  in  both  oxygenation  and  venti- 
lation, hi  3  infants,  improvement  in  oxygenation  was  related 
to  increases  in  P;,w. 

This  work  was  followed  by  Boynton  and  associates^''  who 
combined  both  HFOV  and  intennittent  mandatory  ventila- 
tion for  treating  infants  in  respiratory  failure.  Their  purpose 
for  using  both  modes  simultaneously  was  to  prevent  the  at- 
electasis that  might  result  from  using  low  Vys. 

Cornish  et  aP''  described  their  experience  using  both 
HFOV  and  ECLS  in  18  neonates  who  were  bom  at  33-42 
weeks  gestation  with  severe  respiratory  failure  refractory  to 
CMV.  The  7  infants  who  improved  with  HFOV  tended  to  be 
smaller  and  primaiily  had  pneumonia  and  not  MAS.  In  1988, 
Kohelet  et  aP^  reported  the  use  of  HFOV  in  34  ne:ir-term  and 
term  neonates  witl:  a  diagnosis  of  PPHN.  This  study  exclud- 
ed patients  with  CDH.  After  less  than  an  hour  of  HFOV, 
these  infants  experienced  a  statistically  significant  improve- 
ment in  the  ratio  between  the  oxygen  tension  in  arterial  blood 
and  the  alveoli  (PaOi^AO^)  ^nd  in  Paco:-  Of  particular  note. 


Table  4.   Summary  ol  Studies  Done  in  Human  Neonates  Using  High-Frequency  Oscillatory  Ventilation  (HFOV) 


First  Author.  Year 


Diagnosis 


Major  Result/Outcome 


Marchak."  1981 
Boynton,"  1984 
Bohn,™  1987 

Cornish.'"  1987 
Kohelet,"  1988 
HIFI  Study  Group.'*  1? 

Clark,™  1992 

Vamholt,*  1992 


12 
16 

\^ 
41 
673 

%i 

50 


HiFO  Study  Group.-"  1 993  1 76 


Ogawa,»'1993 

92 

Stoddard."^  1993 

12 

Clark,™  1994 

79 

Miquet,*  1994 

18 

■  Mean  airway  pressure. 
'''Extracorporeal  life  support. 
tPersistent  pulmonary  hypertension  of  the  r 
§Bronchopulmonary  dysplasia, 
"intraventricular  hemmorhage. 
^Conventional  mechanical  ventilation. 


Respiratory  distress  syndrome 

Respiratory  failure 

Congenital  diaphragmatic  hernia 

Term,  respiratory  failure 
Term,  PPHN+ 
Preterm 

Preterm,  respiratory  distress  syndrome 

Term.  ECLS  qualified,  PPHN 

Pretenrt 

Preterm,  respiratory  distress  syndrome 

Congenital  diaphragmatic  hernia 

Term,  respiratory  failure.  ECLS  qualified 

Congenital  diaphragmatic  hernia 


PaO;  dependent  on  P^n*- 

P.m  decreased. 

Improved  blood  gases. 
No  change  in  outcome. 

Reduced  need  for  ECLS.'f 

34/37  survived;  early  use  may  decrea.se  BPD.§ 

No  reduction  in  BPD  or  mortality. 
Increased  air  leak  and  Gr  3-4  rVH.H 

Reduction  in  BPD  with  no  difference  in 
air  leaks  or  mortality. 

No  difference  in  morbidity  or  mortality. 
CMV#  ineffective  after  HFOV  failure. 

Reduced  air  leaks,  effective  oxygenation 
with  lower  Fjo;. 

Early  intervention  (78%  surfactant  treated) — no 
difference  in  morbidity  or  mortality. 

Improved  blood  gases  and  survival; 
decreased  need  for  ECLS. 

HFOV  vs  CMV — no  difference  in  morbidity 
or  mortality.  Safe  and  effective  rescue  technique 
in  ECLS  candidates. 

HFOV  used  for  preoperative  stabilization 
with  72%  sur\'ival;  no  controls  provided. 
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the  patients  who  developed  bronchopuhnonary  dysplasia 
(BPD)  were  supported  with  CMV  longer  before  beginning 
HFOV  and  w  ere  exposed  to  a  higher  conventional  Paw  than 
those  who  did  not  develop  BPD.  This  study  suggests  that 
early  initiation  of  HFOV  may  decrease  iatrogenic  lung  injury. 

Despite  these  reports  of  success  with  HFOV.  its  efficacy 
remained  unproven.  This  prompted  a  multicenter  random- 
ized clinical  trial  sponsored  by  the  National  Institutes  of 
Health  (NIH).  comparing  HFOV  to  CMV  for  the  treatment 
of  pretenn  infants  in  respiratory  failure.''''  In  this  study,  673 
pretemi  infants  were  enrolled  from  10  centers.  The  results  of 
the  study  were  published  in  1989  and  were  discouraging. 
They  demonstrated  no  difference  between  the  HFOV  and  the 
CMV  groups  in  the  mortality  rate,  degree  of  ventilatory  sup- 
port, or  the  incidence  of  BPD.  In  fact,  the  incidence  of  air 
leaks  and  IVH  was  significantly  greater  in  the  HFOV  group. 
Critics  noted  that  this  trial  did  not  routinely  use  a  lung-vol- 
ume-recrtiitment  strategy  nor  did  it  standardize  the  ventilator 
management  among  the  participating  centers. '*'■'*-  On  further 
review,  the  IVH  rates  among  piuticipating  centers  varied  as 
much  as  389^.  These  issues  plus  the  incidence  of  crossover 
between  the  two  groups  and  the  inexperience  of  some  centers 
in  the  use  of  the  oscillator  made  it  clear  that  the  evaluation  of 
HFOV  in  neonates  was  far  from  over. 

In  1992,  Clark  et  aF"  published  a  prospective,  random- 
ized trial  comparing  HFOV  with  CMV  in  preterm  infants 
using  a  lung-volume-recruitment  strategy.  Eighty-three  pa- 
tients were  randomized  into  three  treatment  groups:  CMV 
only.  HFOV  for  72  hours  followed  by  CMV,  and  HFOV 
alone.  This  study  demonstrated  contrasting  results  when 
compared  to  the  NIH  study.  The  incidence  of  BPD  was  sig- 
nificantly lower  in  the  HFOV-only  group  than  in  the  CMV- 
only  group  (65%  vs  30%).  Additionally,  there  was  no  dif- 
ference in  air  leaks,  IVH,  or  death  among  the  groups.  The.se 
encouraging  results  may  be  directly  related  to  the  different 
management  strategies  empk)yed.  Clark's  high-volume 
strategy,  which  may  interrupt  the  pulmonary  injury  se- 
quence and  reduce  the  occurrence  of  BPD,  may  be  superior 
to  the  low-volume  approach  used  in  the  NIH  study. '''' 

In  1993,  the  HiFO  Study  group  randomized  176  pretemi 
infants  with  .severe  RDS  to  either  CMV  or  HFOV.^^  The 
study  did  not  use  a  crossover  design  but  did  employ  a  high- 
volume  ventilator-management  strategy  (ie,  P^  iil  least  2-3 
cm  H:0  >  CMV)  in  the  HFOV  group.  They  concluded  that 
HFOV  provides  effective  ventilation,  improves  oxygenation, 
and  significantly  reduces  the  development  of  air  leaks  in  in- 
fants with  severe  RDS.  However,  the  question  of  an  associa- 
tion between  HFOV  and  the  incidence  of  IVH  was  left  unan- 
swered. 

Ogawa  and  his  group""  randomized  92  pretemi  infants 
who  were  in  respiratory  failure  to  re-evaluate  the  safety  and 
efficacy  of  early  HFOV.  Of  these.  78%  received  exogenous 
surfactant.  Although  oxygenation  improved  in  the  HFOV 


group,  there  was  no  difference  in  morbidity  or  mortality. 
They  concluded  that  HFOV  does  not  increase  the  risk  of 
complications  in  RDS  neonates.  The  use  of  HFOV  in  con- 
junction with  surfactant  therapy  has  not  been  widely  report- 
ed. However,  such  studies  are  underway  at  this  time.  It  ap- 
pears that  using  a  volume-recmitment  strategy  with  HFOV 
in  rabbits  may  be  more  beneficial  than  CMV  when  compar- 
ing the  effect  of  surt'actant  administration."'  Jackson  and  col- 
leagues"^ concluded  that  the  combined  use  of  HFOV  and  sur- 
factant in  premature  monkeys  is  superior  to  either  surt'actant 
or  HFOV  alone  in  reducing  lung  injury. 

Recently,  more  clinical  studies  have  been  published  de- 
scribing the  use  of  HFOV  in  rescuing  full-term  neonates  ad- 
mitted for  ECLS.-''  Almost  50%  of  the  neonates  who  met 
ECMO  criteria  have  been  successfully  managed  with  HFOV. 

In  earlier  yeais.  Bohn  et  aV  treated  16  CDH  infants  with 
HFOV  and  demonstrated  improvement  in  oxygenation  and 
CO:  elimination.  However,  HFOV  did  not  improve  mortali- 
ty, and,  ultimately,  only  2  of  these  infants  survived. 

Stoddard  and  colleagues"''  reported  the  opposite  outcome 
in  12  temT  CDH  infants  treated  with  HFOV.  Eleven  patients 
were  successfully  managed,  but  one  patient  failed  to  respond 
and  required  ECLS.  They  postulated  that  deterioration  dur- 
ing HFOV  in  CDH  patients  could  be  due  to  mediastinal  shift 
and  sub.sequent  loss  of  cardiac  output. 

In  1990.  Carter  and  associates'^  expanded  upon  Cornish's 
earlier  work  in  near-term  neonates  admitted  for  ECLS.  who 
were  offered  rescue  treatment  with  HFOV.  Fifty  patients  re- 
ceived HFOV.  and  four  died  before  ECLS  support  could  be 
initiated.  Twenty-one  patients  responded  to  HFOV  and  sur- 
vived to  dischaige.  Twenty-five  patients  required  ECLS  sup- 
port, with  88%  surviving  to  hospital  discharge.  Miquet  et  al"** 
recently  assessed  the  efficacy  of  preoperative  stabilization 
using  HFOV  in  18  CDH  neonates.  They  reported  72%  sur- 
vival. However,  there  was  no  conventionally  ventilated 
group  included  for  comparison. 

Clark  and  colleagues^"  conducted  another  multicenter. 
prospective  randomized  study  of  HFOV  and  CMV  in  pa- 
tients who  met  ECLS  criteria.  Although  the  difference  was 
not  statistically  significant.  60%  of  the  CMV  patients  failed 
treatment  compared  with  44%  of  the  HFOV  group.  Of  the 
patients  who  failed  CMV.  63%  responded  to  HFOV.  There 
was  no  difference  in  morbidity  or  mortality  rates,  leading 
them  to  conclude  that  HFOV  is  a  safe  and  effective  rescue 
therapy  for  neonates.  They  also  reported  that  when  HFOV 
fails,  reinstituting  CMV  is  not  effective.  In  fact,  some  pa- 
tients who  were  stable  but  not  improving  on  HFOV  became 
unstable  if  CMV  was  resumed. 

Clinical  Application  of  HFOV 

Indications.  The  aforementioned  clinical  trials  describe  sev- 
eral silualions  in  which  HFOV  has  been  successfully  em- 
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ployed.  Much  of  the  work  with  HFOV  has  been  done  in 
neonates  who  have  been  diagnosed  with  RDS.  Practice  dif- 
fers among  centers  regarding  the  point  at  which  HFOV  is  ini- 
tiated. Those  centers  whose  population  is  inborn  are  better 
prepared  to  institute  HFOV  early  and  may  even  employ 
HFOV  as  the  initial  mode  of  mechanical  ventilation.  Those 
centers  that  receive  infants  who  are  outbom  and  who  have 
been  ventilated  using  CMV  must  establish  criteria  by  which 
to  judge  CMV  failure  and  initiate  HFOV. 

HFOV  is  also  indicated  for  newborns  with  air-leak  syn- 
dromes such  as  pulmonary  interstitial  emphysema,  pneu- 
mothorax, pneumoperitoneum,  and  pneumopericardium.  In 
these  situations,  morbidity  may  be  lessened  if  early  interven- 
tion is  provided  using  HFOV  with  a  strict  air-leak  strategy — 
low  Paw  and  amplitude  with  permissive  hypercapnia  and  high 
F[02 — for  ventilator  management.*"''''' 

Currently  there  are  no  reliable  predictors  of  when  clini- 
cians should  pursue  the  use  of  HFOV  and  when  failure  is  to 
be  anticipated.  In  one  report,  neonates  who  responded  best  to 
HFOV  were  of  lower  gestational  age,  had  higher  Apgar 
scores,  and  were  less  hypoxemic  prior  to  HFOV.-* 

Rescue  therapy  with  HFOV  may  be  attempted  in  patients 
who  meet  criteria  for  ECLS.  This  includes  patients  with  per- 
sistent pulmonary  hypertension  associated  with  aspiration 
syndromes,  perinatal  asphyxia,  pneumonia,  sepsis,  and  CDH 
syndrome.  Patients  most  likely  to  benefit  have  diffuse  alveo- 
lar disease.'"*  However,  the  results  of  studies  of  HFOV  in  pa- 
tients with  pulmonary  hypoplasia  are  inconsistent.-*'*'' 
Therefore,  it  seems  that  initiation  of  HFOV  may  be  made 
empirically  for  the  purposes  of  providing  rescue  therapy.  If 
the  patients  do  not  respond  favorably,  transport  to  an  ECLS 
center  should  be  strongly  considered. 

Clinical  Strategies.  Two  primary  strategies  have  evolved 
with  the  use  of  HFOV.  The  air-leak  strategy  is  aimed  at  min- 
imizing airway  pressures  in  order  to  prevent  progression  of 
air  leaks  and  promote  their  resolution. *'"*''  The  diffuse-alveo- 
lar-disease strategy  is  aimed  at  optimizing  lung  volume  to 
promote  alveolar  recruitment  in  the  presence  of  severe 
parenchymal  lung  disease  (Table  5 ).■*"*  Although  both  strate- 
gies rely  on  optimizing  mean  lung  volume,  the  air-leak  strat- 
egy uses  a  Paw  ^  CMV.  A  higher  F|0:  is  permitted  in  order  to 
minimize  Paw  and  promote  quick  resolution  of  air  leaks,  par- 
ticularly those  infants  with  pulmonary  interstitial  emphyse- 
ma (Table  5).-'' 

If  the  high- volume  strategy  is  chosen,  the  appropriate  Paw 
can  be  identified  by  incremental  increases  in  Paw  as  long  as 
PaO;  improves,  blood  pressure  remains  stable,  and  normal 
lung  expansion  is  observed  on  the  chest  radiograph.^"  Once 
optimal  Paw  is  reached,  Fiq,  can  be  weaned  below  what  are 
considered  to  be  toxic  levels — usually  0.6.  Because  alveolar 
recruitment  will  improve  over  time,  the  Paw  may  be  subse- 
quently reduced  to  avoid  the  potential  for  overintlation. 


Animal  studies  have  shown  that  the  Paw  can  be  reduced  to 
levels  lower  than  those  required  during  CMV,  once  alveolar 
recruitment  has  begun.'''''*' 

Table  5.    Strategies  of  Use  with  High-Frequency  Oscillatory  Ventilation 

Lung-Vi)lunic  Strategy 


Variables 

Low 

High 

Disease  type 

Air-leak  syndrome 

Diffuse  alveolar  disease 

Paw* 

Minimize  to  limit 

Maintain  above  closing 

air  leak  (0-2  cm  H20> 

pressure  (3-5  cm  HiO  > 

CMV^)— first  wean 

CMV) — second  wean 

priority 

pnonty 

PaO: 

Accept  low  normal 

Optimize 

PaCO: 

Accept  high  (pH>7. 25) 

Normalize  (35-45  torr) 

*Mean  airway  pressui 

'^'Conventional  mech 

anical  ventilation. 

Device  Design.  The  only  HFOV  device  that  is  currently 
FDA  approved  is  the  Model  3100A  High-Frequency 
Oscillatory  Ventilator  (SensorMedics  Corp,  Yorba  Linda 
CA).  This  oscillator  incorporates  a  diaphragm  that  is  driven 
magnetically,  similar  to  an  audio  speaker.  An  electric  current 
is  applied,  which  changes  the  polarity  of  the  magnetic  field 
and  creates  the  to-and-fro  movement  of  the  diaphragm  (or 
driver).  The  amplitude  of  the  oscillations  is  controlled  by 
electronically  changing  the  magnitude  of  the  electrical  signal 
(power)  to  the  electromagnet.*^  As  the  driver  moves  in  a  for- 
ward direction,  a  bolus  of  the  gas  travels  through  a  standard 
endotracheal  tube  and  thus  delivers  a  volume  to  the  patient. 
Active  exhalation  occurs  as  the  driver  completes  its  back- 
ward excursion. 

Connected  to  the  driver  assembly  is  a  rigid  circuit  that  is 
supplied  with  a  continuous  humidified  fresh  gas  (bias  flow). 
A  restricted  exit  via  a  mushroom-type  valve  creates  back 
pressure  in  the  circuit — Paw-  The  bias  flow  must  be  high 
enough  to  adequately  purge  the  circuit  of  exhaled  gases. 
Additional  safety  valves  are  also  incorporated  to  prevent 
overpressurization.  Adjustments  in  bias  flow  also  influence 
pressurization  of  the  circuit  and  Paw- 

This  oscillator  is  a  stand-alone  device  and  is  not  used  in 
parallel  with  a  conventional  ventilator.  The  controls  that  are 
used  to  influence  ventilation  include  frequency  (range  3-15 
Hz),  amplitude  (range  0-100  cm  H^O),  and  %  inspiratory 
time  (range  33-50%).  Mean  airway  pressure  (range  3-45  cm 
HoO)  and  Fio:  are  used  to  control  oxygenation. 

HFOV  Failure 

The  oxygenation  index  has  been  widely  used  to  identify 
life-threatening  respiratory  failure.  However,  this  historical 
indicator  has  not  been  prospectively  investigated  since  the 


RESPIRATORY  CARE  •  JANUARY  '95  Vol  40  No  1 


69 


ECMO  &  HFOV  FOR  NEONATES 


early  ECLS  studies,  generating  debate  on  its  current  predic- 
tive value.'*'*'  ECLS  has  become  a  standard  alternative  and 
is  employed  when  other  investigational  technologies  fail.  An 
Ol  >  40  has  been  an  accepted  indicator  for  initiating  ECLS  in 
neonates  receiving  conventional  ventilation.  However,  many 
infants  who  fail  CMV  undergo  a  trial  of  HFOV  prior  to 
ECLS.  Unfortunately,  there  are  no  guidelines  by  which  to 
judge  HFOV  failure. 

Hall  and  Yoder"-  presented  their  experience  in  evaluating 
selection  criteria  for  the  use  of  ECLS  in  30  infants  with  MAS 
who  were  initially  U"eated  with  HFOV.  Their  findings,  pub- 
lished only  in  abstract  form,  suggest  that  an  early  01  score  > 
60  or  PaO:/PA02  <  0.04  predicts  HFOV  failure  in  MAS  pa- 
tients. Parenka  and  colleagues'"  have  expanded  upon  Hall 
and  Voder's'*-  earlier  work,  studying  190  newborns  of  >  35- 
weeks  gestation  who  were  U"eated  with  HFOV.  Fifty-eight 
percent  responded  to  HFOV  while  42%  failed  and  required 
ECLS.  HFOV  was  less  effective  in  the  presence  of  CDH- 
lung  hypoplasia.  They  also  reported  that  a  PaO:/PAO:  <  005 
at  the  start  of  HFOV  and  a  lack  of  improvement  in  oxygena- 
tion by  6  hours  of  HFOV  (Pa02/PA0:  <  0.08)  were  associated 
with  HFOV  failure. 

We  also  evaluated  ECLS  criteria  in  neonates  treated  with 
HFOV.''-'  Our  unpublished  data  confirm  the  results  of  Hall 
and  Yoder."*-  A  retrospectively  calculated  Ol  >  60  was  asso- 
ciated with  an  86%  requirement  for  ECLS.  The  fact  that  six 
deaths  occurred  in  the  patients  with  the  highest  Ol  suggests 
that  delayed  initiation  of  ECLS  may  contribute  to  mortality. 

The  timing  of  decision  to  transfer  a  critically  ill  infant 
to  an  ECLS  center  is  critical.  The  progression  of  respirato- 
ry failure  due  to  pulmonary  hypertension  is  not  pre- 
dictable. To  some  extent,  deteriorating  oxygenation  re- 
sponds to  increasing  ventilatory  support.  Once  increased 
ventilatory  support  fails  to  improve  oxygenation,  rapid  de- 
terioratit)n  may  end  in  cardiac  arrest.''''  To  decrease  the  risk 
of  death  prior  to  or  during  transport,  infants  should  be 
transferred  to  an  ECLS  center  prior  to  meeting  ECLS  crite- 
ria. Boedy  and  associates'"'  found  that  12%  of  their  ECLS 
referrals  died  prior  to  or  during  transport.  Of  these  infants, 
32%  had  CDH,  thus  indicating  that  early  referral  of  these 
patients  is  especially  warranted.  Clark  states  that  any  pa- 
tient whose  oxygenation  is  poor  despite  a  4-8  hour  trial  of 
HFOV  should  be  considered  for  immediate  transfer  to  an 
ECLS  center." 

IN  SUMMARY 

HFOV  can  be  successfully  used  for  the  management  of 
newborns  in  respiratory  failure,  including  those  with  diffuse 
alveolar  disease  and  air  leak.  Some  centers  now  regard 
HFOV  as  the  initial  means  of  respiratory  support  for 
neonates  with  RDS  and  as  an  important  resource  in  the  man- 
agement of  neonates  who  require  rescue  therapy.  The  appar- 


ent reduction  in  the  need  for  ECLS  appears  to  have  been  in- 
fiuenced  by  HFV.-'^-^f'W-'ft-^s.s.s 

As  institutions  pursue  alternative  therapies  (eg,  high-fre- 
quency ventilation,  inhaled  nitric  oxide,  liquid  ventilation,  or 
intratracheal  pulmonary  ventilation),  the  accessibility  of 
ECLS  becomes  more  important.  Much  about  these  alterna- 
tive therapies  is  unknown,  and  unanticipated  negative  results 
may  occur  that  can  only  be  remedied  with  ECLS.  The  avail- 
ability of  ECLS  within  an  institution  or  in  geographic  prox- 
imity and  the  logistics  of  transport  to  these  areas  should  be 
well  established  prior  to  experimentation  with  alternative 
therapies. 
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Introduction 

Critical  examination  of  cuirent  ventilatory  inanagement 
of  patients  with  acute  respiratory  distress  syndrome 
(ARDS)  is  warranted  because  a  growing  body  of  evidence 
in  the  scientific  literature  suggests  that  there  may  be  clini- 
cally important  lung  injury  secondary  to  mechanical  venti- 
lation. Inadequate  levels  of  positive  end-expiratory  pres- 
sure (PEEP)  and  supraphysiologic  tidal  volumes  may  con- 
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tribute  to  iatrogenic  lung  injury.  Therefore,  we  believe  that 
redirecting  strategy  to  include,  first,  the  concept  of  "Open 
the  lung  and  keep  the  lung  open,'"'  and,  second,  limiting 
pulmonary  overdistention  during  the  to  and  fro  motion  of 
tidal  ventilation  is  both  rational  and  more  physiologic.  In 
this  review,  we  present  the  scientific  literature  as  it  relates 
to  ARDS  and  ventilatory  support.  A  brief  discussion  of  po- 
tential adjuncts  to  conventional  ventilatory  management 
and  nonconventional  methods  of  support  for  the  pediatric 
patient  with  ARDS  is  also  included. 

Pathophysiology  of  ARDS/ALI 

ARDS  is  characterized  by  severe  ventilation-perfusion 
mismatch  with  pulmonary  hypertension,  causing  .severe 
hypoxemia  and  decreased  cardiac  performance.-  Recently 
at  the  American-European  Consensus  Conference  on 
ARDS,  the  adult  respiratory  distress  syndrome  was  re- 
named acute  respiratory  distress  syndrome  (ARDS)  be- 
cause pediatric  patients  develop  this  disease'  and  acute 
lung  injury  (ALI)  to  account  for  the  spectrum  of  ARDS. 


74 


RESPIRATORY  CARE  •  JANUARY  '9.^  Vol  40  No 


REDIRECTING  THERAPY  FOR  ARDS 


Acute  lung  injury  (ALI)  is  defined  as  a  syndrome  with  a 
pathologic  process  of  increased  permeabihty.  This  patho- 
logic process  is  associated  with  a  collection  of  clinical,  ra- 
diologic, and  physiologic  abnormalities.  Left  atrial  or  pul- 
monary capillary  hypertension  may  be  associated  with  the 
pulmonary  edema  of  this  disease  process  but  may  not  be 
the  primary  cause.  The  clinical  presentation  of  patients 
with  ALI  includes  an  acute  onset  with  Pao/F|0:  ^  300  torr 
(regardless  of  the  PEEP  level),  a  chest  radiograph  with  bi- 
lateral infiltrates,  and  a  pulmonary  artery  wedge  pressure  < 
18  mm  Hg  or  no  clinical  evidence  of  left  atrial  hyperten- 
sion. 

ARDS  is  considered  a  more  severe  class  of  ALI  with  a 
PaO:/Fi02  ^  200  torr  (regardless  of  the  PEEP  level). 
Etiology  is  the  same  for  both  ALI/ARDS — either  the  re- 
sult of  direct  pulmonary  injury  (eg.  aspiration,  near  drown- 
ing, diffuse  pulmonary  infection)  or  indirect  injury  (eg, 
sepsis  or  severe  nonthoracic  trauma). 

ARDS  can  be  subdivided  into  four  clinical  phases. ■*  In 
the  initial  phase,  the  radiograph  is  normal  with  the  patient 
presenting  with  dyspnea,  tachypnea,  and  normal  PaO;- 
Within  12  to  24  hours,  the  second  phase  begins  with  cellu- 
lar pathologic  and  physiologic  evidence  of  lung  injury  and 
radiographic  findings  of  patchy  alveolar  infiltrates. 
Important  advances  have  been  made  in  understanding  the 
cellular  pathobiology  as  it  relates  to  ARDS.  The  exact 
mechanisms  of  acute  alveolar  injury,  however,  are  un- 
known. Tissue  injury  may  be  related  to  the  production  of 
endogenously  released  products  from  macrophages  and 
neutrophils.'*'  The  initial  inciting  events  causing  the  release 
of  these  products  are  diverse,  but  the  responses  are  similar. 
For  example,  in  sepsis,  endotoxins  activate  macrophages 
that  release  cytokines  such  as  interleukin-1  (IL-I)  and 
tumor  necrosis  factor  (TNF).^  Once  elaborated,  TNF  pref- 
erentially binds  to  organs  such  as  the  kidney,  liver,  and 
lung  where  local  macrophages  are  activated  and  release 
more  bioactive  compounds.*'  Through  the  release  of  oxygen 
radicals,  proteolytic  enzymes,  and  products  of  arachidonic 
acid  metabolism  (leukotrienes  and  thromboxanes),  activat- 
ed neutrophils  may  initiate  or  amplify  injury.  These  bioac- 
tive compounds  acting  singly  or  jointly  can  cau.se  direct 
vascular  injury  and  induce  adherence  and  activation  of  neu- 
trophils, coagulation  proteins,  and  complement  by  vascular 
endothelial  cells.  Many  of  these  reactions  cause  further  re- 
lease of  bioactive  compounds  and  tissue  injury.  If  ARDS 
progresses,  then  a  third  phase  develops,  characterized  by 
acute  respiratory  failure,  radiographic  findings  of  diffuse 
alveolar  infiltrates,  air  bronchograms,  and  decreased  lung 
volume  requiring  increasing  mechanical  ventilatory  sup- 
port and  F|0;.  It  is  during  this  phase  that  the  continued  re- 
lease of  bioactive  substances  from  the  pulmonary 
macrophages  may  be  advanced  by  effects  of  mechanical 
ventilation  and  elevated  levels  of  inspired  oxygen.  If  reso- 


lution does  not  occur,  a  fourth  phase  develops  that  is  char- 
acterized by  progressive  respiratory  failure,  pulmonary  fi- 
brosis, and  recuiTent  pneumonia.  DeBruin  et  al"*  question 
whether  pediatric  patients  with  ARDS  have  the  classic  his- 
tologic changes  seen  in  adults.  However,  their  study  popu- 
lation was  predominantly  patients  with  oncologic  and  im- 
munologic disorders  that  may  not  represent  pediatric  pa- 
tients with  ARDS  due  to  other  causes. 

Outcome  for  Pediatric  Patients  witii  ARDS 

The  epidemiology  of  ARDS  in  children  is  not  well  de- 
fined. One  study  from  Switzerland  and  two  studies  from 
the  United  States  show  that  pediatric  patients  with  ARDS 
account  for  1-4%'"'-  of  PICU  admissions.  These  retro- 
spective studies  suggest  an  overall  mortality  rate  of  ap- 
proximately 60%.  This  figure  is  consistent  with  the  adult 
experience  in  which  the  current  treatment  of  ARDS  is 
often  unsuccessful,  and  the  mortality  rate  remains  at  50- 
75%  :.9.n. 13-16  Although  death  is  often  associated  with  mul- 
tiple organ  failure,  progressive  respiratory  failure  con- 
tributes importantly  to  the  poor  outcome. 

The  limited  studies  done  on  the  outcome  of  pediatric 
survivors  of  ARDS  show  that  patients  appear  to  return  to 
previous  levels  of  development.'-  '^  We  performed  a  retro- 
spective study  in  our  institution  over  a  36-month  period 
that  included  patients  who  fit  criteria  similar  to  that  of 
other  studies  of  children  with  ARDS.-  Our  patient  popula- 
tion consisted  of  children  who  were  mechanically  ventilat- 
ed in  the  PICU  with  a  Fio,  >  0.5  and  PEEP  >  6  cm  H2O  for 
>  12  hours.  Patients  were  mechanically  ventilated  for  at 
least  5  days,  had  diffuse  bilateral  infiltrates,  and  were 
without  a  previous  history  of  pulmonary  disease.  Forty- 
seven  percent  of  the  patients  in  our  study  survived  to  hos- 
pital discharge.'-  We  utilized  a  scoring  system  that  was  de- 
signed to  quantify  overall  functional  morbidity  as  overall 
performance  and  cognitive  impairment  as  cerebral  perfor- 
mance."* Only  6%  had  significant  change  in  cerebral  per- 
formance and  11%  had  significant  change  in  overall  per- 
formance (including  pulmonary  disability)  at  the  time  of 
discharge  from  the  hospital.'-  This  represents  a  low  mor- 
bidity in  survivors. 

Ventilator-Induced  Lung  Injury 

The  clinical  demand  for  ventilatory  support  led  to  the 
development  of  positive-pressure  ventilation,  but  not  im- 
mediately to  the  discovery  of  the  iatrogenic  lung  injury  as- 
sociated with  it.  Faced  with  an  epidemic  of  poliomyelitis 
in  1953,  the  University  of  Copenhagen  employed  about 
200  medical  students  daily  to  continuously  hand  ventilate 
40-70  hospitalized  patients.'"  A  reported  reduction  in  mor- 
tality for  patients  with  poliomyelitis  from  80%'  to  40%  was 
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seen  using  this  positive-pressure  ventilation  method  in 
combination  with  tracheostomy.  In  the  1960s,  ventilatory 
support  utilizing  larger-than-physiologic  tidal  volumes 
was  recommended  during  general  anesthesia  to  decrease 
right-to-left  shunting.-"  A  method  of  manual  deep  breath- 
ing resulted  in  a  mean  arterial  oxygen  tension  of  553  torr 
compared  to  402  torr  after  periods  of  spontaneous  breath- 
ing in  anesthetized  adult  operative  patients  without  lung 
disease.-"  Principles  and  practices  of  positive-pressure 
ventilation  were  subsequently  transferred  to  the  develop- 
ing intensive  care  setting.  These  included  the  use  of  larger- 
than-physiologic  tidal  volumes  during  mechanical  ventila- 
tory support  of  postoperative  patients  and  patients  in  respi- 
ratory failure.  During  this  same  period  it  was  noted  that 
patients  supported  with  mechanical  ventilation  developed 
pulmonary  structural  abnormalities.-'  However,  in  1971 
Nash  et  al--  suggested  that  a  common  term  "respirator 
lung,"  was  a  misnomer.  In  their  study  of  normal  adult 
goats,  they  found  no  pulmonary  lesions  in  animals  me- 
chanically ventilated  with  room  air  and  peak  airway  pres- 
sures (PIP)  of  13  cm  HiO.  In  contrast,  lung  pathogenesis 
was  seen  in  those  goats  breathing  100%  oxygen. 

Oxygen  Toxicity 

Studies  both  in  humans  and  animals  support  the  premise 
that  lung  injury  results  from  the  use  of  high  fractions  of  in- 
spired oxygen.  The  adverse  effects  of  prolonged  exposure 
to  100%  oxygen  include  surfactant  inactivation,  atelecta- 
sis, pulmonary  edema,  and  death.-' 

However,  the  duration  of  exposure  and  the  threshold 
for  a  safe  level  of  oxygen  in  delivered  gas  is  not  clearly  de- 
fined, particularly  in  the  presence  of  severe  parenchymal 
lung  disease.  Exposure  to  100%  oxygen  resulted  in  signifi- 
cantly impaired  gas  exchange  after  40  hours  in  patients 
with  irreversible  brain  damage,-'  but  was  unchanged  after 
a  mean  duration  of  exposure  of  24  hours  in  patients  after 
cardiac  surgery.-''  In  healthy  adults,  increased  protein  per- 
meability in  the  lungs  occurred  within  17  hours. -^  Monkeys 
survived  13  days  of  exposure  to  100%  oxygen,  although 
the  alveolar  epithelium  was  almost  completely  destroyed 
after  exposure  for  4  days.-'  After  a  subsequent  recovery 
period  of  84  days,  the  structural  appearance  of  the  lungs 
was  normal.  Chronic  exposure  to  an  Fio:  of  0.5  did  not 
delay  resolution  of  oleic-acid  lung  injury  over  an  8-day  re- 
covery period  in  dogs.-" 

Onset  of  toxicity  may  vary  with  age.  Neonatal  animals 
of  soine  species  survive  longer  than  adult  animals  of  the 
same  species  in  conditions  of  hyperoxia.-"'  Neonatal  rats, 
mice,  and  rabbits  had  miniinal  evidence  of  structural 
changes  in  the  lung  after  breathing  1  ()()%'  oxygen  for  7 
days,  while  adults  animals  all  died  within  3-5  days.-'' Of  in- 
terest, an  increase  in  the  activity  of  superoxide  dismutase. 


an  enzyme  that  scavenges  harmful  oxygen  free  radicals, 
correlates  with  tolerance  to  hyperoxia.'"  In  neonatal  ani- 
mals breathing  100%  oxygen,  activity  of  this  enzyme  in- 
creased by  85%  within  24  hours,  compared  to  a  43%  in- 
crease in  7  days  for  adult  animals." 

Bronchopulmonary  dysplasia  (BPD)  has  been  reported 
in  newborns  who  received  high  concentrations  of  oxygen 
but  were  not  supported  with  mechanical  ventilation. '- 
Conversely,  infants  who  were  mechanically  ventilated  with 
low  fractions  of  inspired  oxygen  have  also  been  diagnosed 
with  BPD."  '■*  While  oxygen  toxicity  contributes  to  the  de- 
velopment of  BPD  in  neonates,  it  is  difficult  to  distinguish 
from  the  harmful  effects  that  result  from  mechanical  venti- 
lation. 

Incidence  of  Air  Leak 

Air  leak  is  a  gross  estimate  of  pulmonary  injury  due  to 
mechanical  ventilation.  Overall,  the  occurrence  of  air  leak 
in  patients  supported  with  mechanical  ventilation  is  low. 
However,  in  patients  with  ALI  who  are  supported  with  ele- 
vated PIP  the  incidence  is  relatively  high.  A  prospective 
study  of  171  patients  supported  with  mechanical  ventila- 
tion revealed  an  8%  incidence  of  pneumothoraces.'^  All  14 
patients  with  underlying  pulmonary  disease  accounted  for 
all  of  the  air  leaks  and  PIPs  >  50  cm  HiO  were  associated 
with  all  cases.  Moreover,  in  a  series  of  15  patients  with 
ARDS  there  was  a  77%  occurrence  of  pneumothorax  and 
an  88%  incidence  of  pulmonary  interstitial  emphysema."' 
Of  the  1 3  patients  with  air  leak,  1 2  had  a  PIP  >  40  cm  H.O, 
with  duration  of  exposure  to  high  PIP  appearing  to  be  a 
factor. 

Inhomogeneous  Nature  of  the  Lungs  in  ARDS 

Utilizing  computerized  tomography,  the  helium-dilu- 
tion method  for  lung-volume  determination,  and  static 
pressure-volume  curves,  Gattinoni  et  al'''  studied  the  lungs 
of  patients  with  ARDS.  Because  of  lung  recruitment  ob- 
served with  the  addition  of  PEEP  in  ARDS.  they  defined 
specific  compliance  as  the  ratio  of  compliance  measured  at 
the  start  of  inspiration  to  functional  residual  capacity 
(PRO  at  zero  PEEP  (ZEEP).  Specific  compliance  was 
found  to  correlate  only  to  the  aerated  areas  of  the  lungs  and 
not  to  poorly  aerated  or  nonaerated  regions.  Greater  than 
50%  of  the  lung  was  either  poorly  aerated  or  nonaerated. 
This  study  provides  evidence  that  the  lungs  in  ARDS  are 
inhomogeneous.  Based  on  these  findings,  we  can  deduce 
that  mechanical  ventilation  of  ARDS  patients  with  high 
PIP  or  supraphysiologic  tidal  volumes  may  cause  preferen- 
tial ventilation  of  aerated  regions  of  the  lung  resulting  in 
overdistention.  The  lungs  are  small  hut  not  necessarily 
stiff. 
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Volutrauma  vs  Barotrauma 

Many  investigators  iiave  not  made  a  distinction  be- 
tween volume-  and  pressure-induced  injury.  Evidence  im- 
plicating mechanical  ventilation  with  high  PIP  or  lung  vol- 
ume in  the  progression  of  lung  pathology  is  largely  the  re- 
sult of  experimental  studies.  However,  the  evidence  is 
substantial  and  clinically  relevant.  Tsuno  et  al"*  ventilated 
normal  adult  sheep  with  initial  high  tidal  volumes  (30 
mL/kg — a  clinically  relevant  value  in  light  of  Gattinoni  et 
al's  findings")  with  a  PIP  of  30  cm  H2O.  Over  the  first  few 
hours,  measured  compliance  improved  but  progressive  de- 
terioration followed.  Chest  radiographs  suggested  ARDS. 
and  at  necropsy  the  lungs  were  found  to  be  edematous  with 
structural  damage.  Exposure  of  rats  to  high-volume  venti- 
lation with  a  PIP  of  45  cm  H2O  for  just  2  minutes  resulted 
in  a  significant  increase  in  protein  permeability  of  the  pul- 
monary microvasculature  and  evidence  of  structural  en- 
dothelial damage.-''* 

The  increase  in  protein  permeability  of  the  pulmonary 
vasculature  resulting  from  high  PIP  or  lung  volume  ap- 
pears to  be  a  threshold  phenomenon'"'  that  is  reversible 
when  periods  of  high-volume  ventilation  are  short."* 
Duration  of  exposure  is  an  important  consideration. 
Replicating  a  lung-injury  model  established  by  Kolobow 
et  al.""  Borelli  et  aH-  ventilated  normal  adult  sheep  with  a 
PIP  of  50  cm  HiO.  resulting  in  initial  tidal  volumes  of  SO- 
TO mL/kg.  Following  18  hours  of  this  type  of  ventilation, 
two  groups  of  subjects  were  randomized  to  conventional 
ventilation  (with  tidal  volumes  of  10-15  mL/kg)  or  extra- 
corporeal CO:  removal.  Three  of  1 1  survived  in  the  con- 
ventional ventilation  group,  while  9  of  1 1  in  the  extracor- 
poreal CO2  removal  group  survived.  Subsequently,  after 
27  hours  of  mechanical  ventilation  with  a  PIP  of  50  cm 
H2O.  two  additional  groups  were  again  randomized  to  ei- 
ther conventional  ventilation  or  extracorporeal  CO2  re- 
moval. None  of  the  animals  survived. 

Evidence  is  increasingly  demonstrating  that  volume 
that  results  in  overdistention.  rather  than  pressure  per  se,  is 
implicated  in  contributing  to  iatrogenic  lung  injury.  An  in- 
crease in  pulmonary  vascular  permeability  has  been  ob- 
served in  two  studies  of  spontaneously  breathing  humans 
with  increased  lung  volume.'""'"'  Dreyfuss  et  aH'compared 
the  development  of  lung  pathology  in  normal  rats  ventilat- 
ed with  a  high  Vj  (40  mL/kg)  and  low  PIP  (negative  pres- 
sure via  an  iron  lung)  strategy  and  that  of  rats  ventilated 
with  high  PIP  (45  cm  H^O)  and  low  Vj  (achieved  by  tho- 
racoabdominal strapping)  to  controls  ventilated  with  a  Vj 
of  approximately  13  mL/kg  and  a  PIP  of  13  cm  H2O. 
Subjects  in  the  high  PIP-low  Vj  group  had  lungs  that  were 
normal  and  comparable  to  controls  at  necropsy.  The  lungs 
of  the  high  Vj-low  PIP  group  exhibited  marked  protein 
permeability  and  microvascular  structural  abnormalities. 


These  findings  are  supported  by  subsequent  studies."'"'"' 
Hernandez  et  al"""  ventilated  young  rabbits  with  closed 
chests,  young  rabbits  with  full-body  plaster  body  casts 
placed  around  the  chest  and  abdomen,  and  the  isolated,  ex- 
cised lungs  of  young  rabbits.  The  capillary  filtration  coef- 
ficient, a  reflection  of  microvascular  permeability,  in- 
creased by  850%  after  ventilating  the  isolated,  excised 
lungs  with  a  PIP  of  just  15  cm  H2O.  In  the  closed-chest 
group,  ventilation  with  a  PIP  of  45  cm  H2O  resulted  in  an 
increase  in  the  capillary  filtration  coefficient  of  430%.  No 
change  in  the  capillary  filtration  coefficient  occurred  at 
any  PIP  used  in  the  study  in  the  subjects  with  body  casts 
applied  to  limit  inflation  volurne  of  the  lungs. 

Hyperinflation  induces  pulmonary  edema  by  both  per- 
meability^'"'^ and  filtration"''*  mechanisms.  Pulmonary 
overdistention  causes  longitudinal  tension  in  the  thin  pul- 
monary-capillary wall  and  subsequent  stress  failure.'" 
Indeed,  breaks  in  capillary  endothelium  and  alveolar  ep- 
ithelium provide  a  pathophysiologic  basis  for  the  increase 
in  pulmonary  microvascular  protein  permeability  seen 
with  volutraurna.'"  West''  describes  the  functional  rela- 
tionship of  alveolar  surface  tension  to  pulmonary  capillar- 
ies as  ".  .  .  iron  hoops  support  a  barrel  of  beer."  In  the  con- 
dition of  transpulmonary  pressure  increased  to  25  cm  H2O. 
the  mean  width  of  the  pulmonary  capillaries  is  markedly 
decreased,  increasing  filtration  out  of  the  capillary. '- 
Parker  et  aH'^  observed  a  significant  increase  in  pulmonary 
lymph  flow  in  subjects  during  ventilation  with  high  PIP 
when  compared  to  ventilation  with  low  PIP,  suggesting  a 
contributory  role  for  increased  microvascular  filtration 
pressure  in  overintlation  edema. 

Overinflation  during  rnechanical  ventilation  also  causes 
alterations  in  the  function  of  surfactant  in  the  lung.''  -'-'' 
Lung  biopsy  of  previously  normal  do'^s  24  hours  after  a  2- 
hour  period  of  ventilation  with  PlPs  from  26-32  cm  H2O 
revealed  atelectasis  and  significantly  increased  surface 
tension  when  compared  to  dogs  ventilated  at  low  PIP  or 
not  mechanically  ventilated  at  all."  The  authors  subse- 
quently performed  selective  ventilation-induced  overinfla- 
tion of  the  left  lung,  while  the  right  lung  was  ventilated 
with  low  PIP.  Atelectasis  and  increased  surface  tension 
were  present  in  the  left  lung  only,  confirming  their  earlier 
findings.  Faridy  et  al'^  demonstrated  that  increases  in  sur- 
face tension  forces  are  directly  related  to  increases  in  tidal 
volume  and  duration  of  ventilation.  The  observed  increase 
in  surface  tension  was  reversed  with  subsequent  delivery 
of  continuous  positive  airway  pressure.  However,  this  re- 
versibility was  not  seen  in  the  presence  of  either  hypother- 
mia or  tissue  anoxia,  leading  the  authors  to  suggest  that 
production  of  new  surfactant  is  necessary  for  recovery. 
Surfactant  deficiencies  may  augment  protein  permeability 
in  the  lung."' 

Deleterious  effects  of  volutrauma  are  greater  if  pre-ex- 
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isliiiii  pLilnuMUiry  ilisease  is  present.'''-"''*  A  comparison  of 
salt-pert'iised  rabbit  lungs  ventilated  with  a  Vj  of  6  niL/kg 
with  those  ventilated  with  a  Vx  of  18  niL/kg  after  oleic- 
acid  injury  revealed  a  significant  increase  in  lung  edema  in 
the  lungs  ventilated  with  high  Vj''^  Hernandez  and  col- 
leagues^** studied  isolated,  excised  lungs  of  young  rabbits, 
comparing  the  effects  of  mechanical  ventilation  alone  (PIP 
of  25  cm  H2O)  to  the  effects  of  oleic-acid  injury  alone  (air- 
way pressure  was  maintained  at  3-cm  H1O  with  periodic 
sighs  to  prevent  atelectasis)  and  to  the  effects  of  both  me- 
chanical ventilation  and  oleic-acid  injury.  The  lungs  that 
received  mechanical  ventilation  and  those  that  received 
oleic-acid  were  not  significantly  different  from  each  other. 
However,  the  lungs  exposed  to  mechanical  ventilation  and 
oleic-acid  injury  had  a  significantly  greater  increase  in 
wet-to-dry  lung-weight  ratio  than  the  other  two  groups. 

Special  Considerations  in  Pediatric  Patients 

Pediatric  patients  may  be  predisposed  to  an  increased 
risk  of  iatrogenic  injury  from  mechanical  ventilation  be- 
cause they  differ  anatomically  and  developmentally  from 
adults.  Postnatal  age  is  inversely  related  to  alveolar  epithe- 
lium permeability.''''  Microvascular  protein  permeability  in 
4-  to  6-week-old  rabbit  lungs  was  compared  to  lungs  of  3 
groups  of  adult  rabbits  after  ventilation  with  PlPs  of  either 
15,  30,  or  45  cm  HiO  for  1  hour.''"  The  pulmonary  capil- 
lary filtration  coefficient  of  the  young  rabbit  lungs  was 
higher  by  91  Vr  at  a  PIP  of  15  cm  H:0,  and  440%  at  a  PIP 
of  45  cm  H2O.  The  authors  postulated  that  the  amplified 
injuries  seen  in  the  younger  lungs  could  be  attributed  to 
their  measured  higher  chest-wall  compliance.  The  inverse 
relationship  of  chest-wall  compliance  and  risk  of  mi- 
crovascular damage  with  mechanical  ventilation  is  sup- 
ported by  the  lack  of  edema  seen  when  the  chest  wall  is  re- 
stricted when  compared  to  progressively  increasing  edema 
in  the  unimpaired  chest  wall  and  in  excised  lungs.'*''  The 
higher  chest-wall  compliance  of  infants'''  and  small  chil- 
dren provides  less  protection  against  iatrogenic  lung  in- 
jury. Furthermore,  concentrations  of  lung  elastin.  which 
correlate  with  elastic  recoil  of  the  lung,  and  lung  collagen, 
which  are  associated  with  structural  integrity  of  the  lung, 
are  slow  to  reach  adult  levels  in  rats,  considered  a  good 
model  of  postnatal  lung  growth. ''- 

Thf  I'rottclivf  Function  of  PEEP 

Although  pulmonary  ovcrinflation  is  a  potential  source 
of  iatrogenesis  in  the  intensive  care  unit,  maintenance  of 
an  appropriate  lung  volume  is  equally  important  in  the  ap- 
plication of  mechanical  ventilatory  support  in  ARDS. 
Indeed,  Dreyfuss'''  characterizes  this  challenge  with  the 
analogy  of  the  Homeric  voyage  between  Scylla  (the  rock 


on  the  Italian  side  of  the  Strait  of  Messina),  and  Charybdis, 
(a  whirlpool  in  the  strait),  or  in  other  words  being  "between 
a  rock  and  a  hard  place."  Suter  et  al''^  found  that  total  static 
compliance  is  suboptimal  if  PEEP  is  set  either  too  low  or 
too  high. 

In  pediatric  patients,  the  selection  of  optimal  PEEP  is 
problematic.  Sivan  et  al''''"'  observed  in  pediatric  patients 
with  ARDS  that  the  level  of  clinician-determined  PEEP 
failed  to  normalize  FRC  in  most  patients.  PEEP  levels  that 
did  normalize  FRC  were  up  to  200%  higher  than  those 
clinically  chosen. 

The  evidence  for  PEEP  as  a  protective  tool  is  ample. 
Webb  and  Tierney''^  found  that  pulmonary  edema  resulting 
from  ventilation  with  a  PIP  of  45  cm  H2O  could  be  pre- 
vented with  the  addition  of  a  PEEP  of  10  cm  H^O. 
However,  PIP  was  held  constant  in  this  study,  and,  there- 
fore, the  degree  of  cyclic  inflation  was  reduced  when 
PEEP  was  added.  With  end-inspiratory  pressure  and  vol- 
ume constant  during  a  comparison  of  mechanical  ventila- 
tion strategies  in  a  canine  acid-aspiration  model,''**  a  large 
tidal  volume-low  PEEP  approach  resulted  in  significantly 
more  pulmonary  edema  than  a  low  tidal  volume-high 
PEEP  design.  The  pattern  of  lung  injury  seen  in  the  two 
groups  was  distinctly  different.  Edema  was  primarily  lo- 
cated in  the  dependent  regions  of  the  lung  in  the  low  tidal 
volume-high  PEEP  group,  whereas  a  more  uniform  edema 
was  present  in  the  large  tidal  volume-low  PEEP  group. 
Although  a  similar  type  of  lung  injury  was  observed  in  rats 
ventilated  with  high  volumes  and  PEEP,  the  degree  of  pul- 
monary insult  was  markedly  decreased  when  compared  to 
rats  ventilated  with  high  volumes  without  PEEP.'*"' 
Surfactant  fimction  remains  intact  with  the  application  of 
PEEP.'"'  In  surfactant-deficient  lungs,  PEEP  applied  at 
or  above  the  inflection  point  on  the  inflation  limb  of  the 
pressure-volume  curve  helps  to  prevent  hyaline  membrane 
formation.'''*-'" 

Applying  the  proper  amount  of  PEEP  is  essential  to  en- 
sure protection.  In  a  recent  study  by  Mu.scedere  et  al,"  iso- 
lated, nonperfused  lungs  excised  immediately  after  surfac- 
tant washout  were  either  at  ( 1 )  ventilated  at  ZEEP;  (2)  ven- 
tilated, with  4-cm-H20  PEEP  (below  the  inflection  point 
of  the  inflation  pressure-volume  curve);  (3)  ventilated, 
with  a  PEEP  above  the  inflection  point  on  the  inflation 
limb  of  the  pressure-volume  curve;  or  (4)  not  ventilated, 
with  a  set  PEEP  (ie,  CPAP)  of  4  cm  H:0.  Their  work 
demonstrated  that  the  level  of  PEEP  can  influence  both  the 
degree  and  site  of  lung  injury.  Lung-injury  .scores  were 
significantly  worse  with  a  PEEP  .set  below  the  inflection 
point  on  the  inflation  limb  of  the  pressure-volume  curve, 
with  the  worst  lung-injury  score  occurring  at  ZEEP.  The 
location  of  injury  with  the  ZEEP  group  was  signiflcantly 
higher  in  the  respiratory  bronchioles,  whereas  the  percent- 
age of  alveolar  ducts  with  hyaline  membranes  was  signifl- 
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cantly  greater  in  the  group  ventilated  with  a  set  PEEP  of  4 
cm  HiO.  The  lung-injury  score  for  the  group  ventilated 
with  PEEP  set  above  the  inflection  point  of  the  inflation 
limb  of  the  pressure-volume  curve  was  not  significantly 
different  from  the  group  that  was  not  ventilated.  Opening 
and  closing  of  small  airways  may  cause  shear  stress  and 
lung  injury  during  mechanical  ventilation.  PEEP  may  act 
to  splint  the  airways,  thus  reducing  shear  stress. 

The  protective  function  of  PEEP  may  be  related  to  re- 
duction in  shear  stress,"  recruitment  of  FRC,'-  mainte- 
nance of  surfactant  function,"-'^  and  a  hemodynamic  ef- 
fect.^' Dreyfuss  et  aF'  demonstrated  that  overinflation-in- 
duced  pulmonary  edema  suppressed  by  PEEP  returned 
when  an  infusion  of  the  inotropic  agent  dopamine  was 
started. 

End-inspiratory  volume  is  the  main  determinant  of  ven- 
tilator-induced injury.  Clinically  important  pulmonary 
protein  permeability  during  mechanical  ventilation  can 
occur  both  with  high  tidal  volumes  and  low  PEEP  and  with 
high  PEEP  (and  presumably  high  FRC)  and  low  tidal  vol- 
umes.'" Egan^^  applied  a  static  pressure  of  40  cm  HiO  to 
both  lobes  in  situ  and  whole  lungs.  A  six-  to  twelvefold  in- 
crease in  gas  volume  and  an  increase  in  pulmonary  perme- 
ability to  albumin  was  .seen  with  the  lobes  in  situ.  With  in- 
flation of  the  whole  lung,  only  a  three  to  fourfold  increase 
in  gas  volume  without  permeability  to  albumin  was  ob- 
served. 

Pressure- Volume  Curves 

Dreyfuss  points  out  that  we  ventilate  the  lungs  while 
they  are  essentially  ".  .  .  hidden  in  a  box."^'  Although  the 
best  means  for  ascertaining  optimal  PEEP  and  tidal  vol- 
ume during  mechanical  ventilation  of  patients  with  ARDS 
is  probably  not  yet  developed,  perhaps  the  most  effective 
available  tool  is  the  static  inflation  pressure-volume  curve. 
Sykes  and  colleagues*''*™  demonstrated  that  setting  PEEP 
at  or  above  the  inflection  point  on  the  inflation  limb  of  the 
pressure-volume  curve  reduced  formation  of  hyaline  mem- 
branes in  surfactant-deficient  lungs. 

Gattinoni  et  al'^  found  that  the  ratio  of  inflation  compli- 
ance (slope  of  the  curve  in  the  most  linear  segment  on  the 
inflation  limb  of  the  curve)  to  starting  compliance  (the 
ratio  between  initial  inflation  volume  and  pressure)  re- 
flects the  amount  of  lung  recruitment  after  the  application 
of  PEEP.  The  inflection  point  (the  point  of  intersection  be- 
tween starting  compliance  and  inflation  compliance)  that 
occurs  at  low  lung  volumes  represents  closing  volume. 
Hysteresis  is  indicative  of  air  trapping^'  and  can  be  com- 
puted as  the  difference  in  volume  .seen  on  the  deflation 
limb  and  on  the  inflation  limb  of  the  curve  at  10  cm  HoO 
pressure.  However,  an  underestimation  of  deflation-limb 
compliance  can  occur  due  to  endotracheal-tube  leaks  and 


gas  exchange,  as  well  as  to  changes  in  temperature  and  hu- 
midity.''^ As  a  result,  the  calculation  of  hysteresis  is  exag- 
gerated. The  inflation  limb  of  the  pressure- volume  curve  is 
easier  to  obtain  and,  perhaps,  more  valuable  in  the  clinical 
setting. 

Evaluation  of  static  pressure-volume  curves  of  19 
ARDS  patients  led  Matamis  et  -dV  to  conclude  that  the 
shape  of  the  curve  correlates  with  the  evolving  pathologic 
and  radiographic  stages  of  ARDS.  An  inflection  point  and 
abnormal  hysteresis  was  seen  only  in  patients  in  an  early 
phase  of  ARDS.  The  addition  of  PEEP  resulted  in  an  in- 
crease in  FRC  and  a  decrease  in  intrapulmonary  shunting 
in  these  patients.  PEEP  does  not  improve  intrapulmonary 
shunting  and  may  cause  overdistention  when  there  is  no 
evidence  of  an  inflection  point  or  marked  hysteresis.'''**' 
This  occurs  in  both  patients  with  normal  compliance  and 
those  in  end-stage  ARDS  with  diffuse  pulmonary  fibrosis. 
Milic-Emili  and  associates'*'  observed  that  FRC  increases 
with  PEEP  in  patients  whose  static  pressure-volume 
curves  have  an  upward  concavity,  whereas  PEEP  causes 
overdistention  in  patients  whose  curves  have  an  upward 
convexity. 

Static  pressure-volume  curves  are  obtained  convention- 
ally by  disconnecting  the  patient  from  the  ventilator  and 
using  a  calibrated  syringe  to  incrementally  inflate  and  de- 
flate the  lung.  Volume  history  is  standardized,  and  the  pa- 
tient is  placed  on  ZEEP  and  relaxed,  sedated,  or  paralyzed. 
Fernandez  et  al*°  show  validation  for  a  technique  that  does 
not  require  disconnecting  the  patient  from  the  ventilator  or 
the  use  of  additional  equipment.  It  has  been  demonstrated 
recently  that  dynamic  pressure-volume  curve  measure- 
ments correlate  well  with  curves  measured  under  static 
conditions.'*'  Limitations  to  clinical  use  of  the  pressure- 
volume  measurements  include  having  to  place  patients  on 
ZEEP  and  the  need  to  use  a  mode  with  constant  flow. 

Adjuncts  to  Conventional  Ventilation 

Conventional  support  is  currently  maintained  (1995)  by 
using  volume-limited  mechanical  ventilation,  and  FRC  is 
maintained  with  PEEP.  Despite  the  clear  success  of  con- 
ventional positive-pressure  mechanical  ventilatory  sup- 
port, there  are  significant  limitations  that  indicate  a  need 
for  adaptations  of  existing  support.  If  we  accept  the 
premise  that  any  mode  of  support  needs  to  guarantee  nor- 
malization of  lung  function,  preservation  of  lung  architec- 
ture, and  passive  and  active  support  of  lung  healing  then, 
as  outlined  in  our  earlier  discussion,  current  conventional 
support  for  patients  with  ARDS  fails.  The  question  is,  Can 
we  modify  conventional  support  to  meet  the  requirements 
outlined  or  is  a  new  method  of  support  required?  Our  dis- 
cussion addresses  adjuncts  to  ventilatory  assistance  includ- 
ing liquid  ventilation,  surfactant,  and  nitric  oxide,  and  non- 
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conventional  modes  of  support  including:  high  frequency 
ventilation  and  extracorporeal  membrane  oxygenation 
(ECMO.) 

Liquid  Ventilation 

Liquid  ventilation  has  recently  been  used  in  animals 
with  and  without  lung  disease  to  improve  lung  func- 
tion.**-*" During  liquid  ventilation,  pertlurocarbons  are  in- 
stilled into  the  lungs  to  alter  surface  tension,  to  recruit  and 
maintain  FRC,  and  to  improve  ventilation-perfusion 
matching.  Perilurocarbons  have  a  high  solubility  for  oxy- 
gen and  CO2  and  a  low  surface  tension.  In  pertluorocar- 
bon-associated  gas  exchange  (PAGE),  perfluorocarbons 
are  instilled  in  the  lung  at  15-30  mL/kg  and  used  in  parallel 
with  mechanical  ventilation.*'*"'*''  After  instillation  and  es- 
tablishment of  a  liquid  FRC.  gas  ventilation  with  the  con- 
ventional ventilator  is  resumed.  With  PAGE,  the  perfluo- 
rocarbons are  oxygenated  during  inspiration  by  pushing 
oxygen  gas  down  the  airway  into  the  liquid-filled  alveoli 
where  it  forms  bubbles.  During  exhalation,  CO2  is  purged 
from  the  perfluorocarbons  by  the  intrinsic  elastic  recoil  of 
the  bubbles,  which  expels  the  gas  from  the  lungs.  Gas  es- 
capes during  exhalation  due  to  its  lower  viscosity,  density, 
and  the  inertia  of  the  liquid.  Recently,  there  has  been  evi- 
dence that  perfluorocarbon  may  have  an  anti-inflammatory 
action.**^  The  use  of  liquid  ventilation  at  this  time  is  experi- 
mental. Patients  with  surfactant-deficient  lung  disease  and 
possibly  ARDS  may  benefit  from  the  improved  oxygena- 
tion and  compliance  offered  in  this  type  of  support. 

Surfactant 

In  patients  with  ARDS  either  depiction  or  inactivation 
of  surfactant  has  been  observed.''-'**^*'''  Surfactant  is  respon- 
sible for  keeping  the  lungs  open,  dry.""''  and  clean.  Thus, 
maintenance  of  surl'actant  activity  would  be  important  in 
patients  with  ARDS.  Recently,  after  the  demonstrated  suc- 
cess of  exogenously  administered  surfactant  in  neonates 
with  respiratory  distress  syndrome,  its  use  has  been  at- 
tempted in  patients  with  ARDS.  In  a  study  of  6  adult  pa- 
tients with  ARDS,  Spragg  et  aP"  found  a  modest,  transient 
improvement  in  gas  exchange  after  one  dose  of  exogenous 
surfactant.  Two  abstracts  of  pediatric  series  of  patients 
with  ARDS  have  been  reported.'" ''-  In  both  .series,  oxy- 
genation measured  as  either  oxygen  index  or  Pa():/Fio; 
showed  an  improvement  in  the  majority  of  patients. 
However,  both  series  were  small  (12  and  13  patients,  re- 
spectively). Surfactant  has  great  potential  as  an  adjunct 
therapy  in  pediatric  patients  with  ARDS.  A  randomized 
control  trial  is  needed,  and  a  number  ol' questions  still  need 
to  be  addressed,  such  as  the  best  method  of  delivery  (bolus 
vs  aerosol),  amount,  and  type  of  surfactant  especially  con- 


sidering the  astronomic  cost  of  surfactant  at  doses  equiva- 
lent to  those  used  in  neonates  (4-3  mL/kg). 

Nitric  Oxide 

ARDS  is  characterized  by  arterial  hypoxemia  caused  by 
intrapulmonary  shunting"*'  with  ventilation-perfusion  mis- 
matching. However,  current  vasodilators  are  not  specific 
to  the  pulmonary  vasculature  and  may  cause  concomitant 
systemic  arterial  hypotension,  right  ventricular  ischemia, 
and  heart  failure. "'■*  Their  diffuse  effect  on  the  pulmonary 
vasculature  increases  blood  flow  to  areas  with  intrapul- 
monary shunting,  causing  further  ventilation-perfusion 
mismatching.'^'*  In  contrast,  inhaled  nitric  oxide  (NO),  a 
potent  pulmonary  vasodilator,  decreases  intrapulmonary 
shunting  and  improves  arterial  oxygenation  while  reducing 
the  pulmonary  artery  pressure  in  adult  patients  with 
ARDS.'^''  This  improved  arterial  oxygenation  is  due  to  a  re- 
distribution of  pulmonary  blood  flow  away  from  nonventi- 
lated  regions  of  the  lungs  and  toward  ventilated  regions, 
thus  reducing  ventilation-perfusion  mismatching.  The  use 
of  inhaled  NO  is  still  experimental,  and  the  use  of  NO  in 
patients  with  ARDS  probably  should  be  limited  to  patients 
who  have  failed  conventional  ventilatory  management 
with  optimal  PEEP.'"  A  recent  report  demonstrated  an  im- 
provement in  oxygenation  in  13/17  pediatric  patients  with 
hypoxic  respiratory  failure.''*'  In  this  study  inhaled  NO  (20 
ppm)  improved  PaO:  from  58±13  torr  at  baseline  to  86±25 
torr  (p  <  0.01 ),  mean  pulmonary  artery  pressure  42±6  mm 
Hg  at  baseline  to  3I±6  mm  Hg  (p  <  0.01  )  and  intrapul- 
monary shunt  fell  from  39±7'7f  at  baseline  to  32±7%  (p  < 
0.01 ).  Although  these  results  are  encouraging,  this  study  is 
preliminary.  Further  work  needs  to  be  done  with  regard  to 
dose  and  toxicity  and  to  examine  whether  the  use  of  NO 
affects  overall  outcome  in  patients  with  ARDS. 

There  are  a  number  of  concerns  with  the  use  of  NO.  In 
the  presence  of  oxygen,  NO  is  oxidized  to  nitrogen  dioxide 
(NO2),  and  the  rate  of  oxidation  is  dependent  on  the  initial 
concentration  of  NO  and  the  Fio:-  Exposure  to  NOi  has 
been  shown  to  result  in  histologic  evidence  of  lung  injury, 
and  exposure  to  2  ppm  NOj  for  24-72  hours  resulted  in 
pulmonary  changes  (loss  of  cilia,  hypertrophy  and  focal 
epithelial  hyperplasia  of  the  terminal  bronchioles)  in  rats.'' 
Whether  the  degree  of  lung  injury  noted  in  animal  studies 
is  clinically  relevant  to  humans  has  yet  to  be  determined. 
Virtually  all  the  NO  that  enters  the  patient's  lungs  is  oxi- 
dized in  the  pulmonary  and  vascular  tissue  or  in  the 

blood. In  the  blood,  NO  reacts  with  oxyhemoglobin  to 

form  inorganic  nitrate  and  melhemoglobin.  Inorganic  ni- 
trite is  itself  unstable  in  blood,  and  reacts  with  hemoglobin 
to  form  methcmoglobin  and  NO,  which  again  forms  nitrate 
and  methcmoglobin.  Thus,  levels  of  methcmoglobin  must 
be  monitored  while  NO  is  delivered. 
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Many  NO  monitoring  systems  currently  in  use  were  de- 
signed for  industrial  use,  although  systems  designed 
specifically  for  medical  use  have  been  introduced  recently. 
Further  studies  need  to  be  performed  to  validate  their  relia- 
bility. Moreover,  delivered  levels  of  NO  may  need  to  be  in 
the  level  of  parts  per  billion  rather  than  parts  per  million, 
which  would  require  increased  sophistication  of  monitor- 
ing systems  for  NO. 

Nonconventional  Modes  of  Support 

High  Frequency  Ventilation 

High  frequency  ventilation  (HFV)  is  a  form  of  assisted 
mechanical  ventilation  that  uses  small  tidal  volumes  and 
rapid  respiratory  rates  to  provide  complete  respiratory  sup- 
port. As  in  conventional  mechanical  ventilation,  convec- 
tive  flow  plays  an  important  role  in  gas  transport  from  the 
airway  to  the  alveoli.  However,  other  modes  of  gas  trans- 
port assume  a  greater  role  in  HFV.  Indications  include  pa- 
tients with  barotrauma  and  respiratory  failure  that  are  non- 
responsive  to  conventional  mechanical  ventilation. 

Although  there  are  a  number  of  different  types  of  HFV, 
reports  of  controlled  trials  of  HFV  in  pediatric  patients 
with  ARDS  are  limited  to  high  frequency  oscillatory  venti- 
lation (HFOV).  In  a  small  series  of  pediatric  patients  with 
respiratory  failure  secondary  to  severe  ARDS/ALI,  sur- 
vival rates  as  high  as  86%  have  been  reported""  with  the 
use  of  HFOV. 

Maintenance  of  lung  volume  with  HFOV  may  explain 
this  success.'"-'"-'  However,  accurate  measurement  of 
these  lung  volumes  in  the  clinical  setting  is  not  easily 
achieved.  Only  recently  has  a  high  frequency  jet  ventilator 
for  pediatric  patients  been  introduced  and  a  multicenter 
trial  is  being  planned. 

Extracorporeal  Membrane  Oxygenation 

Mechanical  ventilation  is  purely  supportive  with  the 
goal  being  to  allow  the  lungs  time  to  recover  from  the 
acute  insult.  Too  frequently,  in  attempts  to  maintain  gas 
exchange,  the  patient  is  exposed  to  high  inspiratory  pres- 
sures, volumes  and  inspired  oxygen  that  may  increase 
morbidity  and  mortality.  Some  pediatric  patients  with 
acute  respiratory  failure  unresponsive  to  conventional  ven- 
tilatory support  have  been  successfully  supported  with  the 
use  of  ECMO.  The  ultimate  goal  of  this  therapy  is  to  obtain 
adequate  oxygen  delivery  to  meet  tissue  oxygen  needs. 

The  ECMO  experience  in  pediatric  patients  is  encour- 
aging; however,  to  date  it  is  an  unproved  therapy  due  the 
lack  of  prospective,  controlled  trials.  Our  experience  at 
Arkansas  Children's  Hospital  is  similar  to  that  reported  in 
the  Extracorporeal  Life  Support  Organization  (ELSO)  reg- 


istry. Since  the  inception  of  our  program  in  January  1991, 
19  pediatric  and  young  adult  patients  with  acute  respirato- 
ry failure  have  been  supported  with  ECMO  with  1 1  (58%) 
surviving  to  hospital  discharge.""  Our  follow-up  data  are 
similar  to  those  of  patients  with  ARDS.'  Recently,  one 
center  has  reported  a  survival  rate  of  88%  in  pediatric  pa- 
tients supported  with  ECMO  whom  they  had  classified  as 
having  acute  hypoxic  respiratory  failure.'"'' 

Summary 

Prospective,  controlled  trials  of  current  treatment 
modalities  for  the  care  of  pediatric  patients  with  ARDS  are 
much  needed.  The  exact  biologic  factors  in  ARDS  and 
their  interplay  in  the  disease  process  are  continuously  un- 
folding. Iatrogenic  lung  injury  due  to  mechanical  ventila- 
tion in  ARDS  may  be  significant,  but  it  is  uncertain 
whether  efforts  to  limit  these  effects  will  improve  out- 
come. The  goals  of  ventilatory  support  should  be  to  main- 
tain lung  function  (open  the  lungs),  preserve  lung  architec- 
ture (limit  overdistention),  and  actively  and  passively  sup- 
port lung  healing. 

Studies  that  we  believe  reveal  information  necessary  to 
developing  a  rational  approach  to  conventional  ventilation 
are  listed  in  Table  1 .  Such  a  rational  approach  may  consist 
of  ( 1 )  restricting  tidal  volume  to  5-7  mL/kg  in  a  pressure- 
limited  mode  to  avoid  pulmonary  overdistention;  (2)  ap- 
plying PEEP  above  closing  volume  to  improve  FRC, 
maintain  surfactant  function,  and  reduce  shear  stress;  and 
(3)  accepting  a  PaO:  of  50-60  torr  and  some  degree  of  per- 
missive hypercapnia.  Improved  outcomes  have  been  re- 
ported with  the  use  of  a  permissive  hypercapnia  strate- 
gy;"*"" however,  this  approach  has  not  been  studied  in  a 
prospective,  controlled,  randomized  fashion. 

HFOV  provides  a  therapy  that  allows  for  both  lung  re- 
cruitment and  reduced  tidal  volume.  Recently,  a  multicen- 
ter, prospective,  randomized  clinical  trial  of  HFOV  result- 
ed in  an  improved  patient  outcome  in  the  HFOV  group."'* 
Unfortunately,  conventional  ventilation  was  not  well  de- 
fined in  the  control  group  in  this  study. 

Adjuncts  to  mechanical  ventilation  such  as  perfluorocar- 
bon-associated  gas  exchange,  surfactant,  and  nitric  oxide 
may  have  a  role  in  the  future  management  of  pediatric  pa- 
tients with  ARDS.  Perfluorocarbon-associated  gas  exchange 
and  surfactant  have  the  advantage  of  improving  gas  ex- 
change while  preventing  alveolar  collapse  and  its  sequelae. 

A  multicenter,  prospective,  controlled  trial  of  ECMO 
support  in  pediatric  patients  with  ARDS  is  planned  to 
begin  this  year.  If  ventilatory  strategies  in  the  control 
group  and  the  ECMO  group  reflect  current  knowledge  re- 
garding lung  injury  secondary  to  mechanical  ventilation 
then  the  need  for  ECMO  support  may  be  negated  with  im- 
proved survival  in  both  groups.'"' 
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Table  I .  Studies  of  Lung  Injury  Secondary  to  Conventional  Mechanical  Ventilation  Deemed  Important  to  Developing  a  Rational  Approach  to  Ventilator 
Management 


Year      Investiealors 


Study  Conditions 


Research  Findings 


1964 -Greenfield  et  al" 

l966-FaridyetaP-» 
1974  -  Webb  and  Tiemey'' 

1987-Gattinonietal" 
1988-BorenietaF 

1988-Dreyfussela|-'5 


Normal  dogs  ventilated  with  a  low 
PIP*  compared  to  those  ventilated 
with  PIPs  of  26-32  cm  HjO 

Excised  dog  lungs  ventilated  with 
varying  tidal  volumes 

Normal  rats  ventilated  for  1  hour  with 
a  PIP  of  45  cm  H;0,  with  and  without 
10  cm  H2O  of  PEEP,  compared  to 
controls  ventilated  with  30  cm  HiO 

Humans  with  ARDS  studied  with 
computerized  tomography 


4  groups  of  normal  sheep  ventilated 
with  a  PIP  of  50  cm  HiO  randomized 
at  1 8  hours  vs  27  hours  to 
conventional  ventilation  or 
extracorporeal  CO2  removal 

Normal  rats  ventilated  with  high 
PIP-Low  Vt,  high  Vt-Iow  PIP.  high 
PIP-high  Vt,  and  high  Vj-low  PIP  with 
lOcmHiO 


Ventilation  with  PIPs  of  26-32  cm  HiO  caused  a  signiflcant 

increase  in  surface  tension  and  atelectasis. 


Surface  tension  increases  as  tidal  volume  increases. 


High  inflation  pressure  causes  pulmonary  edema; 
application  of  PEEP  significantly  reduces  this  effect. 


The  lungs  of  ARDS  patients  are  inhomogenous  with 
regions  of  normal  compliance  and  regions  that  are  not 
open. 

Severity  of  lung  injury  induced  with  a  PIP 
of  50  cm  HiO  progresses  over  time. 


High  Vt-low  PIP  results  in  a  significantly  increased 
pulmonary  edema  compared  to  high  PIP-low  Wy. 
PEEP  reduces  pulmonary  edema. 


1989- Hernandez  etal* 


Excised  normal  rabbit  lungs, 
normal  rabbits  with  intact  chests,  and 
normal  rabbits  in  chest  casts 


High  inflation  volume,  rather  than  level  of  PIP,  determines 
degree  of  lung  injury  secondary  to  mechanical  ventilation. 


1990 -Carlton  etal* 


1994  -  Muscedere  et  aP 


Normal,  young  lambs  ventilated  with 
varying  levels  of  PIP 

Ventilated  surfactant-deficient 
excised  rabbit  lungs  with  varying 
levels  of  PEEP  compared  to 
unventilatcd  lungs  as  a  control  group 


PlP-induced  pulmonary  edema  is  a  threshold  phenomenon. 


The  level  of  PEEP  infiuences  both  degree  and  site  of 
ventilator-induced  lung  injury. 


*PIP  =  peak  inspirator>*  pressure;  PEEP  =  positi' 
tidal  volume. 


end  -expiratory  pressure;  ARDS  =  acute  respiratory  distress  syndrome  (formerly,  adult  respiratory  distress  syndrome);  Vj  = 


In  closing,  a  number  of  alternatives  are  available  to  the 
clinician  caring  for  the  pediatric  patient  with  ARDS,  The 
use  of  any  of  these  modalities  must  begin  with  a  rational 
approach  to  conventional  ventilation  to  reduce  iatrogenic 
lung  disease. 
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Introduction 

Noninvasive  venlilatory  suppoit  in  pediatric  patients  in 
respiratory  failure  is  today  an  increasingly  popular  alterna- 
tive to  mechanical  ventilation  via  traditional  methods. 
New  technology,  including  improved  nasal  masks  and 
simple,  portable  ventilatory-assist  devices  designed  for 
home  use  have  contributed  to  this  phenomenon.  The  medi- 
cal and  psychosocial  disadvantages  of  the  intensive  care 
environment  as  a  site  for  chronic  care  are  relatively  greater 
in  children  than  in  adults.  Awareness  of  the  high  costs  as- 
sociated with  prolonged  stay  for  assisted  ventilation  in  the 
intensive  care  unit  (ICU)  has  indirectly  stimulated  practi- 
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tioners  to  explore  therapies  appropriate  for  the  hospital 
ward  and  the  home.  As  a  result,  the  use  of  noninvasive  res- 
piratory-assistance devices  in  children  has  increased  rapid- 
ly, well  in  advance  of  published  controlled  clinical  trials 
confirming  their  indications,  efficacy,  and  limitations. 

A  second  important  stimulus  favoring  the  use  of  nonin- 
vasive forms  of  assisted  ventilation  is  the  increasing  preva- 
lence of  chronic  respiratory  failure  in  children.  The  histori- 
an Arnold  Toynbee  postulated  that  a  common  factor  lead- 
ing to  the  decline  of  many  ancient  civilizations  was  their 
inability  to  respond  adequately  to  new  problems  inherent 
to  prosperity.'  We  should  remember  this  lesson  from  histo- 
ry when  considering  recent  advances  in  pediatric  respirato- 
ry care.  One  new  problem  stemming  directly  from  the  suc- 
cess of  extracorporeal  membrane  oxygenation  (ECMO) 
and  high  frequency  ventilation  is  the  increasing  number  of 
children  who  survive  catastrophic  lung  injury  only  to  ac- 
quire chronic  lung  disease  as  a  con.sequence  of  fibrotic 
lung  repair.  These  children  often  require  months  to  years 
of  ventilatory  support.  Favorable  clinical  outcomes  are  in- 
fluenced by  the  etiology  of  the  underlying  disorder  and 
avoidance  of  the  complications  of  an  artificial  airway.- 
Thus,  noninvasive  ventilatory  assistance  is  likely  to  be  uti- 
lized even  more  in  the  future  as  a  means  of  avoiding  tra- 
cheotomy yet  maintaining  ventilatory  assistance  during  the 
recovery  phase  of  catastrophic  lung  injury. 

Therefore,  a  review  article  focusing  on  noninvasive  res- 
piratory assistance  in  pediatric  patients  is  timely.  In  this 
paper,  we  focus  primarily  on  nasal  positive-pressure  venti- 
lation in  pediatric  patients,  viewed  predominantly  from  a 
clinical  perspective.  We  cho.se  not  to  cover  diaphragmatic 
pacing,'  and  we  review  negative-pressure  assisted  ventila- 
tion in  relatively  less  detail.  The  interested  reader  may  also 
want  to  review  recently  published  summary  articles  on 
noninvasive  ventilation  primarily  in  adults,"*'^  including 
those  in  recently  published  (1994)  special  issues  of  this 
journal.'*"" 

Brief  History  of  Noninvasive  Assisted 
Ventilation  in  Cliildren 

Development  of  noninvasive  ventilation  in  children 
has,  like  much  of  medical  technology,  paralleled  its  devel- 
opment in  adults.  Positive  pressure  ventilation  (PPV)  has 
been  described  since  the  times  of  Galen  and  Vesalius.'- 
Rescue  ventilation  via  a  reed  tube  and  bellows  was  popu- 
larized in  Europe  by  the  Dutch  Society  for  the  Rescue  of 
Drowned  Persons  during  the  1700s.  However,  positive- 
pressure  ventilation  fell  out  of  favor  when  complications, 
such  as  pneumothorax  and  death,  frequently  resulted  from 
apparent  overzealous  lung  inflation,  and  the  technique  was 
formally  condemned.  Physicians  turned  instead  to  mecha- 
nisms that  provided  negative-pressure  ventilation  (NPV). 


Interest  in  neonatal  NPV  resuscitation  was  first  demon- 
strated by  ingenious  devices  such  as  the  neonatal  resuscita- 
tion box,  designed  by  Braun,  in  which  infants  were  seated 
in  a  plaster  mold  with  noses  and  mouth  protruding  through 
a  rubber  diaphragm.  The  operator  intermittently  applied 
suction  to  the  box,  a  procedure  that  reportedly  was  suc- 
cessful for  children  in  respiratory  distress."  As  Wollam 
tells  us  in  his  reviews,"'"*  Eisenmenger  improved  on  these 
devices  with  the  abdominal  cuirass,  which  could  be  uti- 
lized in  children  as  well  as  adults. 

Dalziel  of  Scotland  developed  the  first  tank  respirator  in 
1832,"  but  the  Drinker-Shaw  iron  lung,  developed  in  1928 
for  resuscitation  after  asphyxiation,  became  the  first  truly 
practical  negative-pressure  ventilator.  The  first  patient  case 
report  described  by  Drinker  was  an  8-year-old  child  with  po- 
liomyelitis ( 'polio' )  who  was  successfully  ventilated  with  the 
respirator  but  later  died  of  pneumonia. '''  Emerson  further 
simplified  and  streamlined  this  design,  and  the  simple,  low- 
cost  Emerson  tank  respirator  became  the  standard  for  treating 
adults  and  children  with  respiratory  paralysis  during  the 
polio  epidemics  of  the  1940s  and  1950s. 

Even  with  the  use  of  NPV,  mortality  from  polio-related 
paralysis  rose  as  high  as  85%  in  the  1940s."'  Recognition 
that  negative-pressure  ventilation  was  frequently  inade- 
quate led  Copenhagen  physicians  in  1952  to  perform  tra- 
cheotomy and  provide  long-term  positive-pressure  manu- 
al-bag ventilation  for  polio  patients,  with  hard-earned  suc- 
cess. Subsequently,  development  of  mechanical  ventilation 
devices  such  as  the  Bennett  valve  began  an  explosion  of 
positive-pressure  mechanical  ventilator  technology  that 
pushed  the  negative-pressure  ventilator  to  the  background 
and  eventually  to  the  storage  room. 

Early  PPV  was  provided  almost  exclusively  via  artificial 
airways.  Devices  were  later  developed  to  provide  intermit- 
tent positive-pressure  breathing  (IPPB)  noninvasively 
through  a  mouthpiece.'^  Although  initially  popular  for  acute 
respiratory  failure  and  aerosol  delivery,  application  of  IPPB 
proved  to  be  inconsistent  and  lost  favor  when  a  National 
Institutes  of  Health-sponsored  multicenter  trial'"  found  no 
benefit  compared  to  standard  nebulizer  therapy  for  adults 
with  chronic  obstructive  pulmonai'y  disease  (COPD). 

However,  interest  in  noninvasive  ventilators  was  rekin- 
dled in  the  1980s.  NPV  was  demonstrated  to  improve  symp- 
toms of  chronic  hypoventilation  syndrome  in  patients  with 
neuromuscular  disease  and  in  syndromes  of  chronic  upper- 
airway  obstruction.  In  addition,  increasing  concern  for  noso- 
comial infection,  cost,  and  ethical  issues  encouraged  efforts 
to  provide  noninvasive  alternatives  to  intubation  in  both  chil- 
dren and  adults.  Practical  limitations  of  NPV  techniques  led 
physicians  managing  adult  patients  to  apply  intermittent  pos- 
itive-pressure ventilation  through  improved  nasal  and  face 
mask  interfaces.  Noninvasive  positive-pressure  nasal-mask 
ventilation  was  demonstrated  to  significantly  augment  venti- 
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lalion  in  adults  with  chronic  respiratory  failure.'''  New  appli- 
cations in  children  grew  out  of  this  adult  experience. 
Anecdotal  reports  of  its  use  in  children  are  increasing,  al- 
though controlled  trials  are  still  lacking.-"-' 

Pathophysiology  of  Respiratory  Failure  in  Children 

Respiratory  failure  occurs  as  a  consequence  of  a  severe 
deficit  in  pulmonary  gas  exchange,  and  is  commonly  de- 
fined as  a  PaO:  <  50  torr  on  an  Fio:  of  at  least  0.50  and/or  a 
PaCO:  of  >  50  torr.  Respiratory  failure  can  be  classified  as 
hypoxic  (implying  comprehensive  failure  in  respiratory 
gas  exchange)  or  hypercarbic  (signifying  primary  failure 
of  the  respiratory  muscles).  However,  the  clinical  picture  is 
often  confusing  and  dysfunction  related  to  both  categories 
can  be  present.--  Four  basic  mechanisms  account  for  most 
causes  of  respiratory  failure  in  clinical  practice.-'  The  most 
important  mechanism  leading  to  combined  hypoxemia  and 
hypercarbia  in  pediatric  patients  is  ventilation-perfusion 
imbalance.  In  an  ideal  lung,  the  distribution  of  ventilation 
regionally  matches  the  distribution  of  perfusion.  However, 
many  lung  diseases  of  childhood  involve  altered  patterns 
of  ventilation  from  airways  obstruction  or  injury  to  the  pul- 
monary airspaces.  When  this  occurs,  perfusion  to  poorly 
ventilated  airspaces  may  continue  and  deoxygenated  ve- 
nous blood  draining  these  regions  admixes  in  the  pul- 
monary circulation.  Alveolar  hypoventilation,  which  can 
occur  from  diminished  respiratory  drive  or  from  weakness 
of  the  respiratory  muscles,  is  another  important  mecha- 
nism of  respiratory  failure  and  is  characterized  by  hyper- 
carbia. A  third  mechanism  of  hypoxemic  respiratory  fail- 
ure may  result  from  shunt,  either  extrapulmonary  as  in 
children  with  congenital  heart  disease  and  right-to-left  in- 
tracardiac shunting  of  unoxygenated  blood  or  intrapul- 
monary  as  with  the  acute  respiratory  distress  syndrome  (ie, 
adult  respiratory  distress  syndrome,  or  ARDS).  The  fourth 
mechanism,  respiratory  failure  due  to  an  isolated  defect  in 
diffusion  across  the  capillary  membrane,  is  not  common 
due  to  the  relatively  favorable  diffusion  coefficients  for 
oxygen  and  carbon  dioxide.  However,  when  the  perfusion 
time  through  the  pulmonary  capillary  bed  is  brief,  a  diffu- 
sion defect  may  contribute  to  hypoxemia. 

Infants  and  children  are  at  increased  risk  for  the  devel- 
opment of  respiratory  failure  due  to  the  structural  and 
functional  properties  of  the  developing  respiratory  system. 
To  maintain  alveolar  ventilation,  the  respiratory  muscles 
must  exert  sufficient  force  to  overcome  both  clastic  and  re- 
sistive forces  inherent  to  the  respiratory  system.  In  young 
infants,  the  compliance  of  the  chest  wall  at  volumes  above 
functional  residual  capacity  (FRC)  is  high;-''  therefore,  the 
chest  wall  may  not  function  as  a  stable  platform  for  effec- 
tive diaphragmatic  contractions.  Gas  conductance  in  the 
peripheral  airways  is  relatively  less  during  infancy  when 


corrected  for  lung  weight,  and  so  a  small  degree  of  ob- 
struction from  bronchospasm  or  edema  results  in  a  large 
increase  in  peripheral  airways  resistance.-'  Resistance  to 
airflow  in  the  upper  airway  is  also  relatively  high  in  small 
infants,  with  nasal  resistance  contributing  as  much  as  30- 
49%  of  the  total  airways  resistance.-'' 

The  spectrum  of  conditions  causing  respiratory  failure 
appears  to  be  changing  in  pediatrics,  in  part  due  to  in- 
creased survival  of  very  premature  infants  who  are  at  high 
risk  for  acquiring  bronchopulmonary  dysplasia  (BPD). 
Wheeler  and  colleagues-  reported  recently  on  the  outcome 
of  55  infants  and  children  with  respiratory  failure  in  a 
study  sample  that  included  20  patients  (36%)  with  BPD, 
21  with  neurologic/neuromuscular  diseases  (38%),  and  12 
with  congenital  abnormalities  of  the  respiratory  system 
(22%).  Survival  over  a  median  2-year  period  of  observa- 
tion was  better  than  90%  for  all,  and  more  than  two  thirds 
of  the  patients  ultimately  received  pulmonary  home  care. 
The  cohort  of  children  with  BPD  did  relatively  better  than 
the  other  two  groups  in  respect  to  neurodevelopmental  out- 
come, duration  of  ventilatory  support,  and  duration  of  tra- 
cheostomy. The  role,  if  there  is  one,  for  noninvasive  respi- 
ratory assistance  in  children  with  BPD  needs  definition, 
considering  the  growing  number  of  premature  infants  with 
BPD  who  require  prolonged  respiratory  assistance. - 

Negative-Pressure  Assisted  Ventilation  in  Children: 
Principle  and  Experience 

NPV  is  a  mode  of  ventilatory  support  accomplished  by 
the  application  of  subatmospheric  (or  negative)  pressure  to 
the  external  surface  of  the  chest  during  inspiration.^  This 
results  in  decreased  alveolar  pressure,  which  provides  a 
pressure  gradient  for  movement  of  atmospheric  air  into 
alveoli.  Pressure  surrounding  the  chest  is  then  increased 
during  expiration  and  becomes  atmospheric  or  greater  than 
atmospheric,  thus  reversing  the  pressure  gradient  and  al- 
lowing alveoli  to  empty. 

NPV  may  be  provided  by  two  basic  types  of  ventilators: 
( I )  tanks,  or  iron  lungs,  which  completely  surround  the  pa- 
tient's body,  and  (2)  cuirass  ventilator  devices,  which  fit 
around  the  chest  or  abdomen.''  These  NPV  devices  have  two 
primary  components:  a  pressure  chamber  and  a  pump  that 
produces  pressure  changes.  Cuirass  ventilators  employ  a  pre- 
fabricated shell  attached  to  a  negative-pressure  pump  via 
vacuum  hose.  Stand;ird  sizes  ;ire  available,  but  patients  with 
skeletal  deformities  often  require  the  cuirass,  or  shell,  to  be 
custom  fitted.  The  cuirass  may  be  extended  as  part  of  a  body 
suit,  containing  applicators  fitted  over  a  rigid  grid  that  covers 
the  ribcage  and  is  connected  to  a  negative-pressure  pump. 
Cunently  available  models  include  the  Poncho  Wrap,  Pulmo 
Wrap  (basically  a  modified  sleeping  bag),  and  Zip-Suit.''"' 
Body  suits  are  available  for  children. 
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NPV  may  still  offer  some  advantages  compared  to  posi- 
tive-pressure ventilation.  While  NPV  may  be  used  in  intu- 
bated or  tracheostomized  patients,  such  artificial  airways 
are  not  required,  and  can  be  avoided  with  NPV.  The  face  is 
also  kept  free  of  devices  that  might  otherwise  irritate  an  in- 
fant or  child  and  make  noninvasive  ventilation  intolerable. 

Such  benefits  may  be  worthwhile  in  the  child  or  adoles- 
cent with  neuromuscular  disease  that  produces  acute  respi- 
ratory decompensation  related  to  weakness  of  the  muscles 
of  the  thorax.  NPV  has  been  utilized  in  Guillain-Barre  syn- 
drome and  myasthenia  gravis  with  some  success-'  and  has 
also  been  widely  used  in  such  neuromuscular  diseases  as 
Duchenne's  muscular  dystrophy,  myopathies  and  amy- 
otrophic lateral  sclerosis.''-'*"'"  NPV  has  proven  beneficial 
in  treating  recurrent  episodes  of  hypercapnic  ventilatory 
failure  in  patients  with  such  chest-wall  diseases  as  scolio- 
sis and  kyphoscoliosis  and  following  thoracoplasty. 
Nocturnal  NPV  via  cuirass  successfully  improved  daily 
routine  function  and  frequency  of  hospital  admissions." 
Nocturnal  NPV  therapy  may  allow  daily  time  for  recovery 
from  respiratory  muscle  weakness,  produce  pulmonary 
function  improvements,  and  decrease  hospital  admissions. 

NPV  has  also  been  used  in  the  management  of  neonates 
with  neonatal  respiratory  distress  syndrome.'-"  These 
studies  suggest  that  neonatal  NPV  provides  both  improved 
ventilation  (acting  as  a  ventilatory  pump)  and  improved 
oxygen  delivery.  However,  inherent  practical  difficulties 
in  positioning  neonates  within  the  NPV  devices  has  pre- 
cluded their  routine  use  and  positive-pressure  ventilation 
remains  the  therapy  of  choice. 

Furthermore,  NPV  has  many  limitations.  The  nature  of  the 
devices,  particularly  tank  respirators,  usually  impedes  access 
to  patients  for  routine  and  emergency  care.  Older  patients 
have  also  noted  musculoskeletal  pain,  symptoms  of  esophagi- 
tis,  inability  to  sleep,  and  rib  fracaires.'^  Achieving  an  ade- 
quate seal  in  patients  with  skeletal  deformities  such  as 
kyphoscoliosis  is  also  difficult.  NPV  requires  a  supine  posture 
for  the  more  restrictive  devices,  with  adverse  con.sequences 
on  ventilation-perfusion  matching.  These  devices  generally 
lack  portability  and  convenience  for  patient  mobility.  Finally, 
recent  adult  studies  have  demonstrated  clinically  important 
obstructive  apnea  during  nighttime  NPV  use  that  appears  to 
be  related  to  phasic  upper-airway  obstruction.'''  During  NPV 
the  activation  of  upper-airway  abductor  muscles  is  not  coordi- 
nated with  the  activation  of  inspiratory  pump  muscles. 
Subatmospheric  pressure  thus  develops  in  the  upper  airway, 
producing  abnormal  closure.  Treatment  of  this  NPV-induced 
obstructive  sleep  apnea  (OSA)  may  require  surgical  interven- 
tion or  a  change  to  positive-pressure  ventilation. 

TTie  rocking  bed  and  intermittent  abdominal  pressure  res- 
pirator (eg,  Pneumobelt)  are  noninvasive  devices  that  were 
used  primarily  during  the  time  of  polio  epidemics.'"'^'" 
TTiey  utilize  gravitational  force  to  assist  diaphragmatic  mo- 


tion and  improve  respiratory  effort.  These  devices  were  orig- 
inally designed  to  allow  freedom  of  movement  of  the  upper 
extremities  and  mouth  and  to  allow  sitting.  The  Pneumobelt 
encircles  the  abdomen  and  exerts  positive-pressure  on  the  ab- 
dominal viscera,  thus  forcing  the  diaphragm  upward  and  as- 
sisting exhalation.  Although  these  devices  show  promise, 
their  use  in  pediatric  patients  is  rare,  and  further  studies  of 
their  utility  in  children  are  indicated. 

Nasal  Ventilation:  Principle  and 
Pathophysiologic  Considerations 

Nasal  ventilation  involves  the  application  of  positive- 
pressure  via  a  nasal  mask  for  the  purpose  of  ventilatory 
support.  Although  nasal  ventilation  is  feasible  via  volume- 
or  pressure-cycled  ventilators,  published  studies  in  pedi- 
atric patients  predominately  reflect  experiences  with  the 
BiPAP®  system  (Respironics  Corp,  Murrysville  PA),  a 
flow-triggered,  portable  device  introduced  in  1989."*  Bilevel 
positive  airway  pressure  (BLPAP)  systems  can  deliver  pre- 
set adjustable  levels  of  inspiratory  and  expiratory  positive 
pressure  for  nasal  pressure-supported  ventilation.  The  sin- 
gular advantage  of  the  addition  of  a  preset  inspiratory  pres- 
sure-assist over  conventional  continuous  positive  airway 
pressure  (CPAP)  is  the  capability  to  augment  the  patient's 
tidal  volume.  However,  this  can  only  occur  in  principle 
when  the  inspiratory  pressure-assist  level,  in  synchrony 
with  the  patient's  respiratory  effort,  is  sufficient  to  over- 
come the  mechanical  forces  impeding  alveolar  ventilation. 
In  pediatric  patients,  reports  of  nasal  ventilation  with  such 
a  system  include  children  with  acute  and  chronic  upper- 
airway  obstruction,-' '''  cystic  fibrosis,'"'""  muscular  dys- 
trophy and  other  forms  of  congenital  myopathy,""  ■*- 
BPD,""  central  hypoventilation,-'  and  acute  hypoxemic 
respiratory  failure  from  pneumonia  and  pulmonary  edema."" 

Assessment  of  the  mechanical  properties  of  the  patient's 
nasal  airway  is  important  because  effective  nasal  ventila- 
tion requires  a  patent  nasopharyngeal  airway  to  channel  air- 
flow to  the  laryngeal  inlet.  Preliminary  studies  in  normal 
adults  suggest  that  nasal  ventilation  is  of  limited  effective- 
ness when  the  nasal  resistance  exceeds  5  cm  H2O  •  s-  L"'  ."*' 
If  confirmed  by  sub.sequent  work,  this  study  has  important 
implications  for  pediatric  patients,  especially  infants  in 
whom  the  normal  resistance  to  airflow  in  the  nasopharynx 
is  relatively  high.-''  Furthermore,  conditions  commonly  pre- 
senting with  OSA  in  children  (such  as  adenotonsillar  hy- 
pertrophy, spastic  quadriparesis,  midfacial  hypoplasia,  and 
laryngomalacia)  have  the  common  feature  of  direct  anatomic 
obstruction  that  could  raise  the  flow  resistance  in  the  na- 
sopharyngeal airway  even  higher. 

Intermittent  collapse  of  the  nasopharyngeal  airway  is  a 
second  pathophysiologic  mechanism  of  upper-airway  ob- 
struction and  is  an  important  feature  of  OSA.  Children 
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with  OSA  often  present  with  loud  snoring,  retractions  dur- 
ing sleep,  and  failure  to  thrive.  Studies  in  adult  patients 
with  OSA  show  that  nasopharyngeal  collapse  occurs  both 
at  end  expiration'''  and  during  the  inspiratory  phase  of  the 
respiratory  cycle.  During  early  inspiration,  the  intralumi- 
nal airway  pressure  falls  below  pharyngeal  wall  pressure; 
therefore  dilator  actions  of  the  genioglossus  muscle  group 
are  necessary  to  prevent  airway  collapse*^  If  the  collapse 
occurs  at  end  expiration  at  a  relatively  low  lung  volume, 
onset  of  hypoxemia  is  rapid,  especially  in  small  infants  in 
whom  enhanced  diaphragmatic  contractions  produce  chest- 
wall  distortion  instead  of  effective  ventilation.  In  this  situ- 
ation, administration  of  nasal  positive  pressure  of  suffi- 
cient magnitude  can  prevent  collapse  of  the  nasopharyn- 
geal airway  and  improve  respiratory  gas  exchange.''' 

A  third  pathophysiologic  mechanism  to  be  considered 
in  the  application  of  nasal  ventilation  is  dysfunction  and/or 
fatigue  of  the  genioglossus  muscle  group.  The  genioglos- 
sus muscle  group  is  a  system  of  five  muscles,  including  the 
tongue,  with  integrated  dilator  actions  to  maintain  a  patent 
airway  to  the  laryngeal  inlet.  Dysfunction  or  fatigue  of  this 
muscle  group  is  probably  important  in  the  pathogenesis  of 
upper-airway  obstruction,  especially  in  children  with  cere- 
bral palsy  ."'^  Anatomic  impingement  of  the  upper  airway  in 
children  with  craniofacial  abnormalities  can  impose  an  ad- 
ditional resistive  load  on  the  genioglossus  muscle  group."** 
For  example,  dystonia  and  fatigue  of  the  genioglossus 
muscle  group  in  infants  with  micrognathia  can  contribute 
to  upper-airway  obstruction.''''  A  simple  upper  respiratory 
infection  or  edema  of  the  upper  airway  from  reflux  of 
acidic  gastric  contents  can  be  enough  stimulus  to  tip  the 
balance  and  lead  to  severe  respiratory  distress. 

Nasal  Ventilation  in  Children  with 
Upper-Airway  Obstruction 


with  outpatient  nasal  BLPAP  to  maintain  gas  exchange 
and  sleep  quality  during  staged  surgical  reconstruction.'"* 
Three  young  children  with  Down  syndrome  had  residual 
OSA  following  tonsillectomy  and  adenoidectomy.  Treat- 
ment with  nasal  BLPAP  (n  =  3)  during  the  transition  peri- 
od before  undergoing  a  second-stage  operation,  uvu- 
lopalatopharyngoplasty  (UPPP)  and  tongue  reduction,  was 
effective  in  improving  oxygenation  and  ventilation.  One 
child  later  required  a  third  operation,  hyoid  suspension 
with  tongue  advanceinent.  Two  more  children  with  severe 
upper-airway  obstruction,  one  with  spastic  quadriparesis 
and  one  with  autism,  underwent  nasal  ventilation  for  sev- 
eral weeks  during  recovery  from  tonsillectomy,  ade- 
noidectomy, and  UPPP.  up  to  the  time  they  underwent 
hyoid  suspension.  Although  these  children  all  had  marked 
developmental  delay,  they  were  able  to  tolerate  nasal  ven- 
tilation for  prolonged  periods  and  tracheotomy  was  avoid- 
ed. 

Acute  uncompensated  upper-airway  obstruction  in  chil- 
dren can  be  fatal,  and  is  typically  caused  by  infectious  con- 
ditions such  as  epiglottitis  or  croup  or  a  partially  lodged 
foreign  object.  The  role,  if  one  exists,  for  nasal  positive- 
pressure  ventilation  in  this  clinical  situation  is  unknown. 
Theoretical  concerns  relate  to  the  efficacy  of  nasal  ventila- 
tion in  situations  in  which  the  resistance  of  the  upper  air- 
way is  great.  Therefore,  we  advise  extreme  caution  before 
attempting  nasal  ventilation  in  any  clinical  setting  in  which 
airway  stability  is  questionable.  However,  the  advantages 
of  a  nasal  route  of  ventilatory  assistance  compared  to  the 
inherent  risk  of  trauma  during  the  blind  insertion  of  a  nasal 
trumpet  or  laryngoscopy  are  appealing.  Controlled  studies 
in  the  intensive  care  unit  setting  should  demonstrate  clear 
benefit  before  nasal  ventilation  precedes  standard  therapy 
in  children  with  life  threatening  acute  upper-airway  ob- 
struction. 


Children  with  chronic  upper-airway  obstruction  from 
enlarged  tonsils  and  adenoids  may  develop  OSA,  a  poten- 
tially life-threatening  disorder  that  if  untreated  may  cause 
failure  to  thrive  and  right-heart  failure.  Preliminary  work 
by  our  group  suggests  that  noninvasive  respiratory  assis- 
tance with  nasal  BLPAP  may  improve  respiratory  gas  ex- 
change before  surgery  in  children  with  OSA.-'  We  report- 
ed in  an  abstract  on  1 1  patients  with  OSA  treated  with 
nasal  BLPAP  using  a  mean  inspiratory  positive  airway 
pressure  of  1().7±2.9  cm  HiO  (mean  ±  standard  deviation) 
and  an  expiratory  positive  airway  pressure  of  6.7+1.9  cm 
HiO.  Nasal  ventilation  led  to  acute  significant  improve- 
ments in  oxygen  saturation,  end-tidal  carbon  dioxide  ten- 
sion, and  the  apnea  density,  but  these  findings  need  further 
confirmation  by  results  of  controlled  trials. 

In  longer  studies,  we  treated  ."S  children  with  chronic 
upper-airway  obstruction  and  craniofacial  abnormalities 


Nasal  Ventilation  in  Children  with  Acute 
Respiratory  Failure 

Acute  hypoxemic  respiratory  failure  (AHRF)  is  a  major 
contributor  to  morbidity  and  mortality  in  critically  ill  pedi- 
atric patients.^"  The  most  common  causes  of  AHRF  in  pe- 
diatric patients  beyond  the  neonatal  period  include  infec- 
tious pneumonias  and  acute  respiratory  distress  syndrome 
associated  with  sepsis  and  trauma.  The  pathophysiologic 
mechanisms  of  hypoxemia  in  these  conditions  can  be  al- 
tered by  use  of  PPV.  The  availability  of  noninvasive  meth- 
ods of  positive-pressure  delivery  offers  intriguing  possibil- 
ities to  avoid  the  additional  costs  and  complications  of  en- 
dotracheal intubation.  In  addition,  ethical  concerns  arc 
frequently  raised  regarding  the  use  of  intubation  and  inva- 
sive ventilation  in  patients  with  severe  chronic  neurologic 
dysfunction  and  terminal  disease  processes  such  as  cancer 
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and  human  immunodeficiency  virus  infection.  Noninvasive 
ventilation  offers  an  alternative  therapy  in  these  settings. 

Decreased  FRC,  physiologic  shunt,  and  ventilation-per- 
fusion  abnomialities  are  the  mechanisms  primarily  respon- 
sible for  the  acute  hypoxemia  seen  with  such  disease  pro- 
cesses.'' In  addition,  neuromuscular  weakness  that  is  part 
of  primary  processes  such  as  sepsis  or  secondary  to  malnu- 
trition, electrolyte  abnormalities,  or  long-term  use  of  neu- 
romuscular relaxants  may  contribute  to  hypoxemia  be- 
cause of  hypoventilation.  Nasal-mask  PPV  has  been 
demonstrated  in  lung  models  and  adults  to  reverse  some  of 
these  pathophysiologic  mechanisms.  Test  lung  evaluation 
and  patient  evaluation  of  a  BLPAP  device  demonstrated 
significant  increases  in  minute  ventilation  and  exhaled 
tidal  volume  with  decreasing  respiratory  rate.'**  Patient  se- 
ries have  demonstrated  significant  improvements  in  blood 
oxygenation,  implying  that  microatelectasis  was  improved 
and  FRC  increased.'-"  One  pediatric  series  documented 
marked  reduction  in  atelectasis  on  chest  radiographs  with 
BLPAP  administration.-"  Elliott  et  al'-*  demonstrated  that 
end-expiratory  positive  pressure  improved  FRC  and  re- 
duced the  tendency  to  atelectasis  in  patients  with  neuro- 
muscular disease,  theoretically  minimizing  ventilation- 
perfusion  mismatch  and  improving  oxygenation.''*  Finally, 
studies  have  demonstrated  a  reduction  in  diaphragmatic 
electromyographic  activity  with  nasal  mask  ventilation, 
supporting  the  theory  that  respiratory  muscle  rest  occurs 
during  noninvasive  ventilation."  -''*' 

Adult  experience  with  use  of  nasal-mask  positive-pres- 
sure ventilation  in  acute  respiratory  failure  has  grown 
rapidly.  Most  of  these  studies  have  utilized  broad  selection 
criteria  and  have  been  nonrandomized  in  nature  but  have 
demonstrated  good  success  in  terms  of  patient  tolerance, 
improved  gas  exchange,  and  avoidance  of  endotracheal  in- 
tubation. A  variety  of  noninvasive  masks  have  been  used 
with  BiPAP  and  Bird  6400ST  (Bird  Corp,  Palm  Springs 
CA)  devices.  Success  rates  for  avoiding  intubation  have 
ranged  from  67  to  88%.'  Pennock  et  al"  showed  signifi- 
cant improvements  in  gas  exchange  and  a  78%  avoidance 
of  intubation  in  a  series  of  primarily  postoperative  and 
COPD  adults  in  acute  distress  treated  with  BiPAP.  More 
importantly,  a  recent  randomized,  controlled  clinical  trial 
showed  significant  improvements  in  pH,  Paco:-  and 
breathlessness  and  a  decrease  in  mortality  with  BiPAP 
compared  to  standard  respiratory  procedures  in  adults  with 
acute  exacerbations  of  COPD.''^  Although  not  directly  ap- 
plicable to  the  pediatric  population,  these  studies  have  pro- 
vided impetus  for  the  evaluation  of  noninvasive  PPV  in 
children. 

However,  few  data  exist  regarding  the  use  of  noninva- 
sive PPV  for  acute  respiratory  failure  in  pediatric  patients. 
Akingbola  et  al  first  reported  anecdotal  use  of  BLPAP  for 
AHRF  in  a  child  with  Down  Syndrome  and  a  child  with 


acute  leukemia.-"  Intubation  was  avoided  in  both  these  pa- 
tients. Two  more  extensive  pediatric  series  have  been  pre- 
sented in  abstract  form.  Akingbola  and  colleagues''^  ex- 
tended their  early  experience  to  demonstrate  that  face 
mask  ventilation  with  BLPAP  may  have  prevented  endo- 
tracheal intubation  and  ventilation  in  1 1  of  14  pediatric  pa- 
tients (79%)  with  acute  hypoxemic  respiratory  failure. 
Oxygen-related  variables  of  Fio,,  PaO:-  and  PaO:/Fio2  im- 
proved within  I  hour  in  this  group.  In  preliminary  work 
published  in  abstract  form,  Fortenberry  et  aP  treated  29 
children  with  acute  respiratory  distress  and  AHRF  with 
nasal  BLPAP.  Significant  improvements  occurred  in  respi- 
ratory rate,  PaO:.  PaCO;.  pulse  oximetry  saturation,  and  pH. 
Only  3  (10%)  children  required  intubation  or  reintubation, 
including  2  nasal-mask-ventilation  failures,  and  I  elective 
reintubation  for  a  thoracotomy.  However,  to  our  knowl- 
edge no  randomized  controlled  trial  of  nasal  mask  PPV  has 
been  completed  in  children. 

Pending  the  publication  of  controlled  studies  validating 
the  efficacy  of  nasal  ventilation  in  the  acute  setting,  use  of 
noninvasive  PPV  may  be  considered  in  an  effort  to  avoid 
intubation  in  selected  pediatric  patients  in  mild-to-moder- 
ate hypoxemic  respiratory  failure.  Particular  consideration 
should  be  given  to  those  patients  in  whom  avoidance  of  an 
endotracheal  tube  is  especially  desirable  due  to  decreased 
host  resistance  or  ethical  considerations.  Selection  guide- 
lines for  use  in  acute  respiratory  failure  have  been  devel- 
oped based  on  adult  and  pediatric  experience  (Table  I). 
Further  randomized  controlled  studies  are  needed,  howev- 
er, to  determine  effects  of  nasal  PPV  on  clinical  outcomes 
and  cost  compared  to  standard  therapy. 


Table  1.  Selection  Guidelines  for  Noninvasive  Positive-Pressure 
Ventilation  Use  in  Acute  Pediatric  Hypoxemic  Respiratory 
Failure* 

Progressive  respiratory  failure  or  insufficiency  in  the  absence  of  apnea  or 
impending  cardiorespiratory  collapse  with  the  following: 

Acute  respiratory  acidosis 

Respiratory  distress 

Use  of  accessory  muscles  or  paradoxical  abdominal  movement 
Failure  of  noninvasive  PPV  would  not  produce  immediate  morbidity  or 
mortality 

Hemodynamic  stability 
No  ongoing  emesis 
No  excessive  secretions 
Intact  upper  airway  protection 
No  acute  facial  trauma 

Relative  cooperation  or  a  lethargic  or  sedated  patient 
Adequate  mask  fit  achieved 


*Modified  from  Reference  7. 
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Nasal  Ventilation  in  Children  in  Chronic 
Respiratory  Failure 

The  published  experience  with  nasal  ventilation  in  adult 
patients  is  relatively  extensive  and  serves  as  a  useful  com- 
parison for  pediatric  studies.  In  adult  patients  in  chronic 
respiratory  failure  in  the  ICU.  nasal  ventilation  was  an  ad- 
junct to  weaning  and  an  alternative  to  more  invasive  forms 
of  respiratory  assistance.''"  Although  the  selection  of  treat- 
ment was  not  randomized,  adults  with  Duchenne's  muscu- 
lar dystrophy  and  nocturnal  hypoventilation  who  received 
nasal  intermittent  positive-pressure  ventilation  lost  rela- 
tively less  lung  function  over  24  months  and  survived 
longer.'''  Whereas  home  ventilation  of  adults  with  ad- 
vanced COPD  using  negative  pressure  or  positive  pressure 
via  tracheostomy  was  not  very  effective,*  experience  with 
face-mask  positive-pressure  ventilation  showed  promise  in 
acute  exacerbations  of  COPD.*-  Results  of  nocturnal  nasal 
ventilation  studies  in  adults  with  hypercarbic  respiratory 
failure  from  COPD  are  inconclusive.  Elliott  and  col- 
leagues''' treated  12  COPD  patients  with  home  nasal  venti- 
lation and  showed  clear  improvement  in  8  of  them. 
However,  the  published  experience  to  date  suggests  that 
improvement  with  nasal  ventilation  is  modest,  if  it  occurs 
at  all,''^  and  less  well  tolerated  in  adult  patients  with  respi- 
ratory disorders  in  which  the  impedance  to  ventilation  is 
high,  such  as  COPD. 

The  most  extensive  published  experience  describing 
nasal  ventilation  in  children  relates  to  its  use  in  respiratory 
failure  associated  with  neuromuscular  weakness.  Padman 
and  colleagues'*'^  published  their  retrospective  experience 
with  nasal  ventilation  using  the  BiPAP  system  in  15  chil- 
dren with  respiratory  insufficiency.  Of  the  15  patients,  11 
had  neuromuscular  diseases  and  4  had  cystic  fibrosis.  All 
but  1  avoided  placement  of  an  artificial  airway  during  a 
follow-up  period  ranging  from  I  to  21  months,  and  for  the 
entire  patient  sample  the  number  of  hospital  days,  serum 
bicarbonate,  and  arterial  Paco:  decreased  significantly. 
Complications  related  to  long-term  nasal  ventilation  in- 
cluded local  skin  irritation  at  the  mask  site  and  sinusitis.  In 
an  abstract  describing  5  children  with  assorted  congenital 
myopathies  who  underwent  sleep  polysomnography.  Khan 
et  aH-  found  central  hypoventilation  with  hypoxemia.  In 
this  preliminary  report,  nasal  ventilation  improved  both 
overnight  oxygen  saturation  and  sleep  quality.  Brown  et 
aH'  treated  14  children  with  restrictive  lung  dysfunction 
with  nasal  ventilation  over  a  median  follow-up  period  of 
14  inonths.  Although  outcomes  were  not  tabulated  in  this 
abstract.  Brown  et  aH'  concluded  that  domiciliary  nasal 
ventilation  was  effective  even  in  small  children  as  young 
as  2-years. 

Experience  with  nasal  ventilation  for  obstructive  lung 
diseases  in  pediatric  age  patients  is  promising  but  in  the 


early  stages.  Padman  et  al"'  utilized  nasal  BLPAP  as  an  ef- 
fective bridge  to  lung  transplantation  in  7  children  with  ad- 
vanced cystic  fibrosis.  In  their  abstract.  Brown  et  aH'  treat- 
ed 10  infants  with  BPD  at  home  with  the  positive  pressure 
delivered  through  tracheostomy  tubes.  The  advantages  of  a 
BLPAP  system  over  conventional  home  mechanical  venti- 
lators are  untested  and  further  studies  are  necessary  to  val- 
idate this  approach.  In  unpublished  trials,  we  have  also 
used  the  BLPAP  system  as  a  mode  of  invasive  ventilatory 
support  in  children  with  BPD  and  tracheostomy  tubes, 
with  mixed  results.  In  our  hands,  pressure-supported  venti- 
lation with  a  BLPAP  system  by  a  tracheostomy  tube  facili- 
tated early  transfer  out  of  the  ICU  because  of  its  simplicity 
and  portability  compared  to  standard  portable  ventilatory 
(data  not  shown).  However,  we  have  found  it  difficult  to 
effectively  ventilate  infants  who  have  high  airways  resis- 
tance with  this  method,  and  studies  are  underway  at  our  in- 
stitution to  identify  which  types  of  small  children  in  respi- 
ratory failure  appropriately  respond  to  this  method  of  ven- 
tilation. Unfavorable  mechanical  forces  may  limit  the 
efficacy  of  nasal  ventilation  via  flow-triggered  devices  in 
children  with  lung  diseases  characterized  by  extremely 
low  compliance  or  high  airways  resistance. 

Although  nasal  ventilation  shows  great  promise,  results 
of  controlled,  randomized  clinical  trials  in  children  in 
chronic  respiratory  failure  to  support  nasal  ventilation  over 
conventional  modes  of  respiratory  assistance  are  lacking. 
Such  studies  are  imperative  to  the  development  of  effec- 
tive therapies  for  this  group  of  patients.  Preliminary  results 
support  the  efficacy  of  nasal  ventilation  in  acutely  improv- 
ing gas  exchange  in  children  with  OSA  or  neuromuscular 
weakness,  but  the  critical  reader  should  understand  that  pa- 
tients served  as  their  own  control  in  these  reports  instead  of 
being  randomized  to  a  treatment  or  control  group.  The  effi- 
cacy of  nasal  nocturnal  ventilation  in  adults  and,  certainly. 
in  children  with  chronic  obstructive  lung  diseases  is  ques- 
tionable, due  to  the  paucity  of  published  information  in 
children  and  conflicting  results  in  adults.''"'''  Outcomes 
studies  that  test  functional  well  being  and  energy  balance 
instead  of  pulmonary  function  may  describe  a  role  for  noc- 
turnal nasal  ventilation  in  such  patients. 

Practical  Issues  in  the  Application  of  Nasal 
Ventilation  in  Pediatric  Patients 

The  use  of  nasal-mask  PPV  requires  emphasis  on  the 
education  and  training  of  the  patient  and  family,  particular- 
ly with  chronic  daily  or  nocturnal  use.  It  should  be  made 
clear  that  these  devices  do  not  provide  total  ventilation  and 
are  not  intended  to  serve  as  ventilators  in  an  apneic  patient. 

Currently  available  options  for  noninvasive  PPV  in- 
clude delivery  by  standard  lull  face  mask,  nasal  mask,  or 
nasal  pillow.  Although  nasal  pillows  are  tolerated  by  older 
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patients,  in  our  experience  smaller  children  find  the  nasal 
pillows  uncomfortable  in  the  currently  available  size 
range.  Either  type  of  mask  can  be  connected  to  a  standard 
volume-cycled  or  pressure-cycled  ventilator  or  to  one  of 
the  BLPAP  systems  (eg,  the  Respironics  BiPAP  system  or 
the  Puritan-Bennett  320  I/E  Bilevel  System,  Puritan- 
Bennett  Inc,  Lenexa  KS).  In  our  experience,  the  BiPAP 
system  offers  advantages  in  terms  of  pediatric  experience, 
cost,  and  portability.  Furthermore,  it  may  be  used  in  a 
timed  mode  in  patients  at  risk  of  prolonged  apnea  with  cen- 
tral hypoventilation  or  neuromuscular  disease,  an  operat- 
ing mode  not  available  with  the  Puritan-Bennett  system. 
However,  it  is  not  clear  at  this  writing  that  this  application 
has  received  Food  and  Drug  Administration  approval. 

Good  mask  fit  and  seal  are  essential  for  optimal  results 
with  BLPAP  systems,  even  with  compensation  for  pres- 
sure loss  due  to  mask  leak.  Standard  silicone  contoured 
nasal  masks  are  available  for  use  in  a  variety  of  sizes  in- 
cluding petite,  small,  medium/small,  medium/large,  and 
large.  A  nasal  mask  gauge  is  available  from  Respironics  to 
help  determine  appropriate  size.  Slip-on  spacers  are  also 
included  in  four  sizes  and  are  designed  to  reduce  excessive 
mask  tension  on  the  bridge  of  the  nose;  in  addition,  we 
continue  to  utilize  a  Duoderm  (Conva  Tec,  Bristol  Meyers) 
patch  over  the  nasal  bridge  to  minimize  necrosis  from 
pressure  and  abrasion  of  the  mask  in  that  area.  The  masks 
reportedly  contain  no  latex  and  should  thus  be  safe  for  use 
in  patients  with  latex  allergy  (personal  communication. 
Engineering  Division,  Respironics  Corporation,  1994). 
The  mask  is  secured  around  the  nose  by  either  Velcro 
straps  attached  to  a  frame  or  a  soft,  fitted  cap,  which  may 
be  more  comfortable  for  adults.  For  pediatric  patients,  the 
manufacturer  recommends  the  Velcro  straps  and  frame.''*' 
A  chin  strap  has  also  been  designed  to  help  prevent  nasal 
and  oral  drying  and  decrease  air  leaks  associated  with 
open-mouth  breathing,  but  its  efficacy  is  questionable.  A 
"whisper  swivel"  valve  is  inserted  in  the  system  near  the 
patient  mask.  This  device  provides  a  continuous  leak  in 
the  patient's  circuit  to  avoid  high  intrinsic-PEEP  genera- 
tion and  also  to  serve  as  the  expiratory  port  of  the  circuit. 
However,  caution  is  advised  because  Ferguson  and  col- 
leagues""'  recently  published  an  abstract  that  suggests  that 
fixed-resistance  expiratory  valves,  including  the  whisper 
swivel,  may  lead  to  COt  rebreathing  in  patients  with  ex- 
haled flowrates  that  exceed  the  leak  rate  of  the  exhalation 
port  at  the  set  expiratory  pressure. 

Humidification  can  be  provided  to  minimize  nasal  dry- 
ing and  inspissation  of  secretions.  However,  some  patients 
object  to  the  moisture  condensation  associated  with  hu- 
miditlcation  and,  therefore,  we  do  not  routinely  humidify 
the  inspiratory  gas  unless  the  patient  requires  relatively 
high  inspiratory  pressure  settings  and  is  at  increased  risk  of 


mucus  plugs.  In  cases  for  which  humidification  is  appro- 
priate, we  place  a  prefilled  humidifier  (eg,  Concha-Pak, 
Hudson-RCI,  Temecula  CA)  with  water  traps  in-line  for 
both  hospital  and  home  use.  Oxygen  should  be  added  at 
the  humidifier  inlet  to  allow  conditioning  of  the  gas  before 
delivery  to  the  patient.  Inspired  oxygen  concentration  is 
analyzed  proximal  to  the  humidifier  to  avoid  damage  to 
the  analyzer.  Battery-operated  alarm  systems  are  now 
available  to  signal  high  or  low  airway  pressures  associated 
with  mask  slippage  or  malfunction.'''' 

In  our  experience,  initiating  therapy  in  an  individual  pa- 
tient requires  patience  and  commitment  by  the  therapist  or 
physician.  We  have  found  that  it  is  essential  to  educate  and 
reassure  the  older  child  or  adolescent  prior  to  mask  place- 
ment and  to  coach  them  through  its  initial  use.  Involving 
the  older  child  in  the  mask  placement  and  using  the  mask 
first  before  applying  the  straps  can  be  very  helpful.  Slowly 
increasing  the  amount  of  pressure  delivered  prior  to  reach- 
ing the  maximum  desired  pressure  may  also  avoid  discom- 
fort. Initiating  the  mask  in  smaller  children  may  prove 
even  more  difficult.  However,  we  have  found  that  small 
children  who  are  initially  agitated  by  placement  of  the 
mask  during  acute  distress  actually  become  less  agitated  as 
minute  ventilation  and  oxygenation  improve. 
Occasionally,  we  have  utilized  chloral  hydrate  prior  to 
mask  placement  in  small  children  and  have  found  that  ac- 
climation to  the  mask  usually  improves  with  time.  Reports 
differ  on  the  effect  of  BLPAP  use  on  respiratory  thera- 
pist/nurse labor  requirements,*"^  '''*  but  our  therapists  gener- 
ally describe  reduced  bedside  requirements  because  of  de- 
creased distress  and  improved  respiratory  function  with 
mask  ventilation.  We  believe  that  pulse  oximetry  should 
be  assessed  continually  and  arterial  blood  gas  evaluation 
should  be  obtained  after  1  hour  of  nasal  mask  therapy  to 
assure  adequate  ventilatory  improvement,  particularly  in 
the  patient  with  acute  failure. 

BLPAP  systems  now  incorporate  both  time  and  patient 
triggering.  Initial  inspiratory  and  expiratory  pressure  set- 
tings are  dependent  on  physician-therapist  goals,  with  ad- 
justments based  on  patient  need  and  comfort. 

In  our  experience,  if  the  device  is  tolerated  during  the 
first  several  days,  further  complications  are  minimal.  Com- 
plications in  pediatric  patients  have  been  uncommon. 
Intolerance  of  the  nasal  mask  is  infrequent  or,  at  least,  not 
frequently  reported.  Nasal  bridge  excoriation  is  the  most 
common  complication.  In  our  experience,  use  of  protective 
skin  dressings  over  the  nasal  bridge  has  essentially  eliminat- 
ed ulcerations.  Abdominal  distention  is  a  theoretical  compli- 
cation, but  the  contribution  of  mask  ventilation  itself  should 
be  small,  as  the  maximal  amount  of  airway  pressure  gener- 
ated is  less  than  reported  esophageal  sphincter  pressures.'''^ 
Nasogastric  tubes  are  generally  not  needed,  and  we  do  not 
routinely  utilize  them  in  mask  ventilation  patients. 
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Horizons  for  Noninvasive  Ventilatory  Support 
in  Children 

Use  of  noninvasive  respiratory  assistance  in  pediatric 
patients  will  continue  to  increase.  Initial  published  reports 
suggest  that  even  small  children  tolerate  nasal  ventilation 
in  the  acute-care  setting,-' ■'^  and  with  the  use  of  protective 
skin  patches  to  ameliorate  mask  irritation/"  children  toler- 
ate nasal  ventilation  for  extended  periods."'"'*^  Early  pub- 
lished evidence  suggests  an  important  role  for  nasal  venti- 
lation in  cystic  fibrosis.^'  but  controlled  studies  are  neces- 
sary to  determine  whether  this  respiratory  assistance 
actually  leads  to  prolonged  survival.  Potential  problems  in 
using  nasal  ventilation  in  this  group  of  patients  are  the  ex- 
tremely high  incidence  of  chronic  sinusitis  and  the  rela- 
tively low  inspiratory  pressure  capacity  of  portable  flow- 
triggered  devices."*  Status  asthmaticus  with  prolonged  hy- 
poxemia and  diffuse  atelectasis  is  another  condition  in 
which  nasal  positive-pressure  ventilation  could  improve 
outcome.  In  asthmatic  children  with  significant  ventila- 
tion-perfusion  imbalance  and  respiratory  distress,  positive 
airway  pressure  could  theoretically  decrease  the  work  of 
breathing^"  and  deliver  therapeutic  concentrations  of  in- 
haled bronchodilators  to  the  lower  airways."  Certainly  the 
horizon  for  further  applications  of  noninvasive  modes  of 
respiratory  support  in  pediatric  patients  is  very  bright. 
However,  the  combined  pace  of  technology  and  market  de- 
mand has  currently  outdistanced  efforts  of  clinical  scien- 
tists to  validate  the  appropriate  indications  and  limitations 
of  this  exciting  mode  of  therapy  in  controlled  trials. 
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Introduction 

As  advances  in  biomedical  technology  have  enabled  us 
to  support  more  children  through  life-threatening  disorders 
with  relative  ease,  the  complications  associated  with  such 
technology  have  become  more  relevant  to  the  total  mor- 
bidity and  mortality  that  our  patients  experience.  After  40 
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years  of  experience  with  prolonged  endotracheal  intuba- 
tion, the  complications  therefrom  continue  to  generate  dif- 
ficult management  decisions.  In  this  paper,  I  review  some 
of  the  relevant  physiology  of  the  conducting  airways  and 
lung  mechanics  that  may  be  disturbed  as  a  consequence  of 
endotracheal  intubation,  with  special  reference  to  the  phys- 
iologic vulnerability  of  the  neonate  and  infant. 

Physiologic  Principles 

Airways  Resistance  and  Flow 

Conducting  airways  resistance  (R)  is  expressed  as  the 
relationship  between  pressure  gradient  (AP,  cm  H2O)  and 
flow  (V,  L/s),  and  is  often  simplified  by  Poiseuille's  Law, 


R  = 


8//i 


Tcr*-*' 


[1] 


where  /  =  the  length  of  the  tube,  r  =  the  radius  of  the  tube, 
and  ju  =  the  viscosity  of  the  fluid  passing  through  the  tube. 
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Poiseuille's  Law  states  that  the  resistance  through  the  tube 
varies  linearly  and  directly  with  the  length  of  the  tube  and 
the  viscosity  of  the  fluid  but  to  a  power  between  4  and  5 
and  inversely  with  its  radius.  The  exponent  on  r  changes 
with  gas  flow  characteristics,  increasing  from  4.  under 
conditions  of  laminar  flow,  to  5,  when  flow  is  completely 
turbulent.  Therefore,  the  most  important  influences  on  re- 
sistance are  the  radius  of  the  airway  and  gas-tlow  dynam- 
ics. 

The  flow  characteristics  of  a  fluid  from  laminar  to  tran- 
sitional to  turbulent  depends  upon  the  Reynolds'number — 
a  number  that  defines  the  point  of  transition  from  laminar 
(Reynolds  number  <  100)  to  turbulent  (Reynolds  number  > 
10,000)  flow.' 

P 
Reynolds  number  =  VD -n- ,  [2] 

where  density  (p)  and  viscosity  (p)  determine  the  transi- 
tion for  a  tube  of  given  diameter  ( D  |. 

The  relationships  among  driving  pressure,  flowrate,  and 
flow  characteristics  can  be  approximated  by  the  following 
simple  expression. 


AP  =  kV"«<-',  [3] 

where  k  is  a  constant  that  depends  upon  the  radius  of  the 
tube  and  the  viscosity  and  density  of  the  gas;  it  is  relatively 
constant  over  a  wide  range  of  airflow  conditions  from  lam- 
inar to  turbulent. 

During  laminar  flow,  the  pressure  drop  across  the  airway 
bears  a  linear  relationship  to  flow — ie,  a  given  step  change 
in  flow  results  in  a  constant  drop  in  pressure — we  say  x  = 
1.  As  the  pressure  drop  increases,  flow  increases  propor- 
tionately. The  magnitude  of  the  step  change  in  flow  varies 
with  the  viscosity  of  the  gas.  However,  when  flow  be- 
comes turbulent,  the  relationship  between  flow  and  pres- 
sure becomes  curvilinear,  and  x  approaches  2.  Under 
wholly  turbulent  conditions,  flow  is  related  to  the  square 
root  of  the  pressure  drop,  and  it  is  the  density  of  the  gas 
mixture  that  determines  the  resistance  to  flow. 

In  the  airways  of  humans,  flow  is  quasi-laminar,  with 
turbulence  occurring  at  the  multiple  orifices  and  branch 
points  within  the  upper  airway  and  tracheobronchial  tree. 
In  healthy  infants  who  are  breathing  normally,  x  is  estimat- 
ed to  be  approximately  1.3.- 

This  transitional  flow  characteristic  limits  the  increase  in 
conducting-airway  flow  when  driving  pressure  is  increased. 
We  recognize  this,  clinically,  when  a  child  struggles  harder 
and  harder  to  breathe  but  moves  less  and  less  air.  In  accor- 
dance with  the  Reynolds"  number  concept,  as  gas  velocity 
increases,  flow  becomes  turbulent,  requiring  a  dispropor- 


tionate increase  in  driving  pressure  to  maintain  flow  or  pre- 
senting a  flowrate  limitation  that  increases  nonlinearly  as 
the  driving  pressure  increases.  The  result  is  an  increasing 
disparity  between  respiratory  drive  and  minute  ventilation 
that  can  set  off  a  cycle  of  agitation  with  increased  oxygen 
consumption  and  carbon  dioxide  production.  The  resulting 
increased  requirement  for  alveolar  ventilation  in  the  pres- 
ence of  proportionately  decreased  conducting-airway  flow 
further  increases  the  disparity  between  the  demand  for  ven- 
tilation and  the  air  supply. 

The  significance  of  these  relationships  in  neonates  and 
infants  results  from  the  small  native  diameter  of  the  upper 
airway,  the  relative  elasticity  of  airway  structures  that 
causes  airway  caliber  to  vary  with  changes  in  thoracic  vol- 
ume and  pressure,  and  the  change  in  flow  characteristics 
with  different  pressure  differentials  across  the  airway. 

Static  Resistance 

The  diameter  of  the  infant  airway  (3-4  mm)  is  roughly 
one  half  that  of  the  adult.  The  radius  (1.5-2  mm)  influences 
airways  resistance  by  a  factor  of  16  when  flow  is  laminar. 
The  extraordinary  effect  of  1  mm  of  circumferential  edema 
in  the  infant  is  a  16-fold  increase  in  resistance  as  shown  in 
Table  1. 


Effect  of  Circumferential  Edema  on  the  Diameter  (D).  Cross- 
Sectional  Area  (A),  and  Airways  Resistance  (R)  of  Infants  and 
Adults 


Condition 

Measure 

Infant 

Adult 

Normal 

D 

4  mm 

8  mm 

Edema 

D 

2  mm 

6  mm 

Edema 

A 

Decreased  4  times 

Decreased  1.7  times 

Edema 

R 

Increased  16 

times 

Increased  .^.2  times 

Distribution  of  Resistance 

In  the  adult,  60%  of  the  total  airways  resistance  origi- 
nates in  the  nasopharynx,  as  opposed  to  only  25%  in  the 
neonate.'  Under  normal  conditions,  small  airways  resis- 
tance is  much  more  significant  in  the  neonate  and  infant 
than  in  the  adult  and,  because  of  its  lung-volume  depen- 
dency, can  only  be  reduced  by  hyperinflation.  Therefore, 
the  salutary  effects  of  tracheal  intubation  on  airways  resis- 
tance are  less  pronounced  in  infants  than  in  adults. 

Dynamic  Collapse 

Pleural  pressine  changes  during  the  respiratory  cycle 
result  in  transmural  pressure  changes  ihat  tend  to  increase 
the  diameters  of  intrathoracic  airways  during  inspiration 
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and  decrease  them  during  exhalation.  This  relationship  is 
reversed  in  the  extrathoracic  airways.  With  subglottic  nar- 
rowing and  a  resultant  increase  in  airways  resistance,  the 
airway-pressure  gradient  must  increase  to  maintain  a  given 
tlowrate.  The  corresponding  increased  transmural  pressure 
results  in  a  further  reduction  in  conducting  airway  diame- 
ter in  the  compliant  portions  of  the  airways  that  is  distinct 
from  the  area  of  narrowing.  The  occurrence  of  flow  accel- 
eration across  the  stenotic  region  also  increases  the  trans- 
mural collapsing  pressure  (according  to  the  Bernoulli  prin- 
ciple) and  is  often  the  site  of  transition  from  laminar  to  tur- 
bulent flow;  the  result  is  flow  limitation  or  gradient 
augmentation  as  described.  The  stridor  associated  with 
laryngotracheobronchitis  results  not  only  from  the  site  of 
stenosis  but  also  from  the  regions  of  dynamic  collapse 
above  and  below  it.  The  distensibility  of  the  infant's  con- 
ducting airways  makes  these  phenomena  particularly  rele- 
vant until  the  age  of  3-4  years.'' 

Lung  Volume 


100 


0.00     0.25     0.50     0.75      1.00      1.25      1.50 
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The  final  common  pathway  for  respiratory  failure  in 
neonates  and  infants  with  airways  disease  results  from  a 
fall  in  lung  volume  of  sufficient  magnitude  that  continuous 
gas  exchange  cannot  be  maintained.  Both  active  and  pas- 
sive mechanisms  contribute  to  the  young  child's  suscepti- 
bility to  low  lung  volume. 

Passive  exhalation  follows  an  exponential  flow  pattern 
that  is  determined  by  the  time  constant  (T)  for  the  lung  and 
chest  wall  and  airways,  which  varies  directly  with  both  re- 
sistance and  compliance  (C). 


B 


x  =  RC. 


[4) 


A  longer  emptying  time  accompanies  increases  in  both  air- 
ways resistance  and  respiratory  system  compliance.  The 
relatively  high  small-airways  resistance  of  the  neonate 
tends  to  stabilize  functional  residual  capacity  (FRC)  by 
prolonging  the  expiratory  x,  and  the  high  infant  respiratory 
rate  tends  to  limit  the  expiratory  time  (Ie).  Passive  exhala- 
tion permits  95  %  of  the  tidal  volume  to  egress  from  the 
lungs  after  3  t;  thus,  the  relationship  between  tn  and  x  de- 
termines end-expiratory  lung  volume  or  FRC  (Fig.  1 ).' 

Infants  and  neonates  rely  on  dynamic,  state-dependent 
mechanisms  for  maintenance  of  FRC.''"^  Inspiratory  mus- 
cles contribute  to  maintenance  of  lung  volume  during  exha- 
lation by  stabilizing  the  compliant  rib  cage,  by  diaphrag- 
matic braking,  and  by  laryngeal  braking  via  vocal  cord  ap- 
position (grunting).'*'-  The  resulting  end-expiratory  volume 
remains  greater  than  that  which  would  have  been  deter- 
mined by  the  passive  recoil  relationships  of  the  lung  and 
chest  wall  alone.  Table  2  summarizes  these  mechanisms. 


g     10    - 


20  40  60  80 
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100 


Fig.  1.  The  time  constant  (t  =  RC)  tor  passive  exhalation  can  be 
derived  from  either  a  volume-time  plot  (A)  or  a  flow-volume  plot 
(B).  Consider  a  lung-chesf-wall  unit  with  compliance  (C)  5  mlVcm 
H2O  and  resistance  (R)  0.05  cm  HjO  s  mL  '  that  has  been  inflat- 
ed from  an  initial  volume  of  100  mL.  The  expiratory  volume  (V)- 
time  (t)  relationship  expressed  as  V(t)  =  Vq  enc  shows  an  expo- 
nential decline  as  t  =  0.25  s.  When  1  x  has  passed,  63%  of  the 
original  volume  has  been  exhaled — in  this  case  63  mL.  On  the 
flow-volume  plot,  the  negative  inverse  of  the  slope  of  the  linear 
portion  of  the  expiratory  curve  is  t  (t  =  ^). 
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Figure  2  shows  an  example  of  these  state-dependent  mech- 
anisms that  determine  lung  volume. '- 

Table  2.      Siimiiiar\  of  ihe  Mechanisms  Ibr  Dynamic  I-unctional 

Residual  Capacity  Maintenance:  Coordination  of  Expiratory 
Time  (tn).  Compliance  (C),  Resistance  (Rl,  and  Respiratory 
System  Time  Constant  (T) 


Mechanism 


Effect 


Tachypnea 

Diaphragmatic  braking 
Intercostal  lone 
Laryngeal  braking 


Decreased  Ie 
Increased  C  and  T 
Increased  C  and  T 
Increased  R  and  t 


Accordingly,  state  changes  that  interfere  with  neuro- 
muscular coordination  lead  to  low  FRC — the  mechanism 
of  desaturalion  during  natural  and  induced  sleep.  Thus,  the 
infant's  FRC  is  especially  vulnerable  to  direct  and  indirect 
effects  of  instrumentation.  Static  mechanisms  of  FRC 
maintenance  do  not  prevail  until  18-24  months  of  age.**-" 
Until  that  time,  laryngeal  braking  remains  the  most  ener- 
gy-efficient means  of  FRC  maintenance.  The  reduction  in 
FRC  related  to  anesthesia.'^''"^  sedation,  and  laryngeal  by- 
pass"" has  obvious  consequences  for  the  physiologic  stabil- 
ity of  the  neonate  and  infant,  with  critical  effects  in  the 
post-extubation  period  (Table  3). 


Table  3.      Average  Measured  Values  of  Functional  Residual  Capacity 
(FRC)  in  Awake  and  Anesthetized  Infants.  Children,  and 
Adults^  "■I-*-'" 


Age  Group 

State 

FRC 

(mL/kg) 

Adult 

Awake 

40 

Adult 

Anesthetized 

35 

5  years 

Awake 

35 

1  year 

Awake 

25 

1  week 

Awake 

25 

0-2  years 

Anesthetized 

7-20 

Laryngeal  Dynamics 

As  part  of  the  airway,  the  larynx  functions  to  protect  the 
lower  airway  from  foreign  substances,  particularly  during 
feeding,  to  modulate  airways  resistance,  and  lo  provide  the 
transition  frotii  smooth  muscle  and  purely  autonomic  control 
to  skeletal  muscle  control  with  behavioral  input.  As  such,  it 
has  complex  innervation  that  serves  multiple  retlex  func- 
tions.'* 

During  inspiration,  the  laryngeal  inlet  moves  caudaily 
both  because  ot  airtlow  gradients  and  because  of  the  action 
of  the  intercostal  muscles.  This  results  in  longitudinal 
stretching  that  increases  the  circumference  of  the  laryngeal 
inlet  and  reduces  inspiratory  resistance.  The  immediate 
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Fig.  2.  Volume-time  (A)  an(j  flow-volume  (B)  plots  from  a  sponta- 
neously breathing  infant  showing  the  time-depencjency  of  encj-expi- 
ratory  lung  volume  (functional  resi(dual  capacity.  FRC).  The  first  3 
breaths  show  the  rapi(d  transition  from  exhalation  to  inspiration,  with 
no  visible  encj-expiratory  pause.  The  end-expiratory  volume,  FRC, 
for  these  breaths  is  arbitrarily  labeled  zero.  The  fourth  breath  has  a 
longer  expiratory  time  during  which  lung  volume  continues  to  fall 
below  the  initial  FRC  and  shows  an  exponential  volume-time  relation- 
ship, indicative  of  continuing  passive  exhalation.  Note  that  for  all  4 
breaths,  the  linear  regions  of  the  flow-volume  loops  overlie  each 
other,  demonstrating  similar  passive  mechanics  for  all  breaths. 
However,  passive  exhalation  is  interrupted  by  inspiration  during  the 
first  3  breaths,  illustrating  how  the  infant  maintains  FRC  by  keeping 
expiratory  time  short  relative  to  the  time  constant. 
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subglottic  airway  sustains  less  axial  traction  and  thus  be- 
comes more  susceptible  to  dynamic  collapse. 

During  exhalation,  the  vocal  cord  adductors  and  laryn- 
geal constrictor  muscles  are  activated  by  the  superior  la- 
ryngeal nerve  to  produce  glottic  narrowing  at  the  level  of 
the  true  cords  and  arytenoids,  with  an  increase  in  expirato- 
ry resistance.  These  phasic  changes  in  airways  resistance 
occur  even  during  maximal  ventilation. 

The  functional  significance  of  expiratory  resistive  load- 
ing by  the  larynx  probably  lies  with  an  advantageous  in- 
crease in  FRC  and  the  highly-defended  function  of  airway 
clearance — the  cough.  Even  the  deeply  sedated  or  uncon- 
scious patient  may  have  cough  preserved.  Although  the  ex- 
piratory phase  is  commonly  modeled  as  passive,  in  fact, 
coordinated  activity  in  all  expiratory  muscle  groups  mani- 
fests in  most  human  breathing  patterns.  The  spectrum  of 
expiratory  muscle  activity  has  extraordinary  clinical  signif- 
icance (Table  4).  Because  of  the  high  chest-wall  compli- 
ance in  neonates  and  infants,  active  exhalation  for  any 
cause  when  glottic  patency  is  being  maintained  by  an  en- 
dotracheal tube  can  drive  lung  volume  close  to  zero.  All 
dynamic  laryngeal  function  is  lost  with  a  tracheostomy  or 
endotracheal  tube  in  situ. 


Table  4.      The  Muscles  of  Breathing  and  Their  Expiratory  Activity 


Muscle  Group 


Activity 


Abdominal  recti 
Expiratory  intercostals 
Laryngeal  constrictors 
Vocal  cord  adductors 


Exhalation 
Exhalation 
Cough 
Laryngospasm 


Oropharynx  and  Nasopharynx 

The  increase  in  laryngeal  diameter  during  inspiration  is 
accompanied  by  increases  in  genioglossus,  palatopharyn- 
geus,  and  palatoglossus  tone,  reducing  oropharyngeal  or 
nasopharyngeal  resistance.'^  Reduced  activity  in  these 
muscle  groups  leads  to  phasic  inspiratory  stridor  often  de- 
scribed as  "snoring."  Activation  of  these  muscle  groups  is 
obviously  dependent  upon  the  patient's  state  of  conscious- 
ness and  is  augmented  by  the  presence  of  airflow  in  the 
upper  airway. 

These  flow  sensors  seem  to  respond  to  both  temperature 
and  pressure  signals  in  the  oropharynx  and  larynx'^  that 
can  be  abolished  with  topical  anesthesia,  resulting  in  upper 
airway  obstruction.  The  combination  of  high  respiratory 
drive  and  inadequate  upper-airway  abductor  tone  results  in 
dynamic  collapse  at  many  levels  from  the  nasopharynx  to 
the  trachea."*  Because  proximal  narrowing  causes  distal 
maldevelopment,  dynamic  nasopharyngeal  collapse  has 
been  cited  as  a  cause  of  laryngomalacia  and  tracheomala- 


cia.'* Additionally,  noxious  stimuli  in  the  proximal  airway 
can  cause  closure  of  the  nasopharyngeal  and  oropharyn- 
geal sphincter-like  structures,  stimulating  more-distal  air- 
way-closure reflexes  (Table  5).''' 

Table  5.      Airway-Protective  Reflexes  and  Their  Site  of  Stimulation 


Site 


Reflex  Response 


Nasopharynx 

Oropharynx 

Larynx 

Trachea 

Carina 

Major  bronchus 


Sneezing 
Choking,  gagging 
Cough,  laryngospasm 
Cough,  bronchospasm 
Cough,  bronchospasm 
Cough,  bronchospasm 


Work  of  Breathing 

Work  of  breathing  in  infants  is  2-3  times  that  of  the 
adult,  with  an  oxygen  cost  of  breathing  of  at  least  5%  of 
the  total  metabolic  oxygen  consumption,  at  rest.'' 


Work  of  breathing  =  JPV. 


[5] 


This  increased  work  of  breathing  results  both  from  resistive 
work  due  to  reduced  small  airway  diameter  and  from  elastic 
work  due  to  active  muscular  stabilization  of  the  compliant 
chest  wal^'"'  and  from  diaphragmatic  braking.-"  The  'active" 
work  of  breathing  increases  over  the  first  few  days  of  life  as 
the  infant  develops  dynamic  strategies  to  defend  FRC  and  re- 
mains elevated  for  the  first  18-24  months  of  life. **'^" 

The  mechanisms  by  which  infants  maintain  FRC — ie, 
maintaining  te  <  t — must  actively  oppose  the  component 
of  inspiratory  work  that  is  usually  transferred  to  passive 
exhalation  in  adults.-  Thus,  dynamic  mechanisms  for 
lung-volume  maintenance  have  an  energy  cost  during  both 
inspiration  and  expiration,  and  simple  estimates  of  work  of 
breathing,  based  upon  Equation  5,  do  not  account  for  ener- 
gy expended  (active  work)  to  maintain  FRC  above  relax- 
ation volume.  Table  6  lists  the  mechanisms  for  the  in- 
creased work  of  breathing  expended  to  maintain  FRC. 

Table  6.      Mechanisms  of  Increased  Work  of  Breathing  during 
Inspiration  (I)  and  Expiration  (E) 


Passive  Work 


Increased  airways  resistance 

Decreased  lung  compliance 

Active  Work 


Intercostal  stabilization 

I 

Intercostal  braking 

E 

Long  inspiration 

I 

Diaphragmatic  braking 

E 

Glottic  braking 

E 
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Mucosal  Integrity 

The  tracheal  mucosa  is  normally  covered  with  an  unin- 
terrupted layer  of  ciliated  epithelium  that  serves  to  isolate 
and  protect  the  underlying  smooth  muscle  and  cartilage 
from  the  toxic  ambient  environment  and  to  move  secre- 
tions rostrally.  The  epithelium  retains  structure  and  func- 
tion as  long  as  it  is  adequately  nourished  and  not  exces- 
sively injured.  Viability  of  the  epithelial  surface  is  threat- 
ened by  systemic  and  local  factors  frequently  operant 
during  endotracheal  intubation.  Changes  in  the  epithelium 
may  become  histologically  evident  within  hours  of  tra- 
cheal intubation.-'  Following  mucosal  injury,  changes  in 
airway  anatomy  occur  acutely,  subacutely,  and  chronical- 
ly, with  a  variety  of  clinical  manifestations.----'  Local  and 
systemic  physiologic  etiologies  of  epithelial  injury  are  list- 
ed in  Table  7. 

Table  7.      Systemic  and  Local  Etiologies  of  Epithelial  Injury 


Systemic 


Local 


Low  perfusion  pressure 
Low  cardiac  output 
Extreme  hypoxemia 
Extreme  hypocapnia 
Malnutrition 
Sepsis 


Positive  pressure 
Friction 

Chemical  irritation 
Low  humidity 
Barrier  disruption 
Infection 


Complications  of  Instrumentation 

During  Tracheal  Intubation 

Sudden  loss  of  airway  patency  may  be  the  most  dramat- 
ic complication  of  attempted  airway  instrumentation. 
Important  causes  include  loss  of  oropharyngeal  and  laryn- 
geal abductor  tone,  laryngospasm,  airway  occlusion  due  to 
a  foreign  body,  and  progressive  edema  resulting  from  trau- 
ma. Most  frequent  during  ventilation  by  mask  is  pharma- 
cologically induced  loss  of  upper-airway  abductor  tone. 
Laryngospasm  can  be  experimentally  produced  by  stimu- 
lation of  the  superior  laryngeal  nerve  and  is  generally  re- 
garded as  an  exaggerated  cough.-"*  Its  occurrence  is  often 
provoked  by  maneuvers  to  treat  soft  tissue  obstruction,  in- 
cluding application  of  positive  airway  pressure  by  mask. 
Other  common  clinical  precipitants  of  laryngospasm  are 
laryngeal  stimulation  by  secretions  or  instrumentation,  hy- 
percapnia,  excitatory  anesthesia,  and  lower  airway  irrita- 
tion. The  state  of  the  abdominal  muscles  during  exhalation 
(degree  of  tension)  may  assist  the  clinician  in  distinguish- 
ing among  the  causes  of  acute  airway  obstruction  because 
laryngospasm  is  an  expression  of  intense  expiratory  mus- 
cle activity  that  is  usually  accompanied  by  abdominal 
muscle  rigidity. 


The  loss  of  airway  patency  should  immediately  invoke  a 
search  for  the  causes  of  laryngospasm  and  soft  tissue  ob- 
struction, with  diagnosis  and  iminediate  administration  of 
treatment  before  a  course  of  action  is  required  that  entails  ex- 
treme risk.  Direct  visualization  of  the  laryngeal  inlet  with  a 
flexible  endoscope  can  rapidly  provide  the  correct  diagnosis, 
but  often  loss  of  airway  patency  has  occunred  during  sponta- 
neous or  assisted  ventilation  by  mask  without  visualization 
of  the  larynx,  rendering  this  approach  impractical. 

The  inability  to  ventilate  a  child  because  of  upper-airway 
obstruction  may  be  very  difficult  to  distinguish  clinically 
from  other  causes  of  ventilation  difficulty.  However,  the  dis- 
tinction is  important  because  different  treatments  are  indicat- 
ed. Important  causes  of  failure  to  ventilate  include  abdominal 
distention,  chest-wall  rigidity,  forced  exhalation,  bron- 
chospasm.  and  decreased  lung  compliance  secondary  to 
alveolar  derecruitment.  Total  alveolar  collapse  is  a  relatively 
frequent  cause  of  inability  to  ventilate  neonates  and  older  in- 
fants, who  have  a  coinbination  of  diffuse  noncompliant 
parenchymal  disease  and  an  obligatory  reliance  on  dynamic 
mechanisms  for  FRC  maintenance  that  is  often  disrupted 
during  the  intubation  sequence. 

The  potential  lethality  of  failed  attempts  to  accomplish 
endotracheal  intubation  has  led  the  American  Society  of 
Anesthesiologists  to  codify  practice  guidelines  for  airway 
management.-''  This  Guideline  addresses  six  sepaiate  com- 
ponents of  establishing  and  maintaining  the  airway,  and  the 
rationale  for  these  components  is  given  in  Table  8.  Although 
the  algorithm  contained  in  the  Guideline  may  not  be  exactly 
applicable  to  the  care  of  neonates  and  infants,  the  general 
principles  still  apply.  Su^ong  clinical  suspicion  and  applica- 
tion of  practice  guidelines  formulated  for  the  care  of  infants 
and  children  will  improve  the  outcome  of  airway  manipula- 
tions.-'-^ 

Table  8.  The  Rationale  and  Evidence  for  the  American  Society  of 
Anesthesiologists"  Guidelines  for  Management  of  the  Difficult 
Airway-' 


Rationale 


Evidence 


Preanesthetic  Evaluation: 

1  Facilitates  prediction  of  difficult  airway 

2  Reduces  adverse  outcomes 
Preparation  of  Equipment  and  Patient: 

.^  Facilitates  successful  airway  management 

4  Reduces  adverse  outcomes 

Intubation  Strategies: 
.S  Facilitate  successful  airway  management 

6  Reduce  adverse  outcomes 
Confirmatory  Tests  of  Intubation: 

7  Facilitate  successful  airway  management 

8  Reduce  adverse  outcomes 

9  Exlubation  strategies  reduce  adverse  outcomes 

1 0  Follow-up  care  reduces  adverse  outcomes 


D*.  M,  E 
E 

E 
E 

D.  M,  E 
D.M,  E 

D.E 
E 
E 
E 


*D  =  dirccl  measure  (affirnuilion  by  >  Mi'^i  ot  public;ilionst;  M  =  meta-analysis  (p  < 
O.OI  U)r  uggrx:gulc  data);  E  -  expert  opinion  (kappa  statistic  tor  agreement  >  0.75). 
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Figure  3  shows  the  important  anatomic  relationship  be- 
tween the  axes  formed  by  the  soft  and  hard  structures  of 
the  oropharynx  and  the  laryngeal  inlet.  During  intubation 
attempts,  these  anatomic  relationships  require  that  the 
tongue  be  displaced  into  the  potential  space,  which  is  nor- 
mally inaccessible  because  of  the  mandible,  to  enable  visu- 
alization of  the  laryngeal  inlet  using  direct  larygoscopy. 
Physical  examination  directed  at  assessment  of  the  tongue- 
mandible  relationship — the  relative  size  of  the  tongue  and 
the  length  and  mobility  of  the  mandible — can  reduce  the 
incidence  of  unanticipated  difficulty  during  tracheal  intu- 
bation attempts.-* 

Specific  risk-reduction  factors  that  are  translatable  to 
the  intensive-care-unit  setting  include  preprocedure  guided 
assessment,  full  equipment  availability,  and  familiarity 
with  equipment.  The  list  of  recommended  equipment  in- 
cludes 

•  Capnograph 

•  Fiberoptic  bronchoscope 

•  Laryngeal  mask  airway 

•  Lighted  stylet 

•  Retrograde  wire 

•  Various  styles  of  laryngoscopes 

•  Cricothyrotomy  equipment 

•  Transtracheal  jet  ventilation  equipment 

The  use  of  a  primary  and  a  backup  airway-management 
plan,  tests  to  confirm  successful  tracheal  intubation,  and 
appropriate  use  of  collegial  support  are  also  encouraged  by 
the  Guideline.--''  The  routine  use  of  capnography  to  con- 
firm ventilation  following  tracheal  intubation  is  expected 
to  reduce  the  incidence  of  serious  anesthesia  mishaps.-^ 

In  the  operating  room  environment,  specific  risk  has 
been  attributed  to  the  routine  use  of  neuromuscular  block- 
ade. Data  suggest  that  the  introduction  of  neuromuscular 
blockade  caused  an  immediate  rise  in  anesthetic  mortality 
that  took  years  to  address.-^  I  would  argue  that  the  same 
process  is  occurring  now  in  settings  other  than  the  operat- 
ing room.  Certainly,  the  availability  of  flexible  intubating 
endoscopes  can  modulate  this  outcome.  However,  the 
paramount  importance  of  ensuring  adequate  ventilation  by 
mask  should  not  be  overlooked  as  clinicians  become  more 
skilled  in  fiberoptic  techniques. 

After  Tracheal  Intubation 

Complications  occurring  with  an  endotracheal  tube  in 
place  manifest  themselves  by  acute  or  chronic  airway  ob- 
struction. Endobronchial  intubation,  carinal  occlusion,  and 
inadvertent  extubation  are  related  in  that  they  are  varia- 
tions from  ideal  tube  position.  Assessment  of  tube  position 


Fig.  3.  Difficulty  with  direct  laryngoscopy  is  related  to  the  position  in 
the  larynx  of  various  anatomic  structures.  The  tongue  must  be  dis- 
placed into  the  submental  triangle  (area  Y)  by  the  laryngoscope 
blade  to  visualize  the  laryngeal  inlet,  which  is  higher  in  infants  (C2- 
C4)  than  in  adults  (C5).  The  combination  of  a  high  laryngeal  inlet 
and  large  tongue  relative  to  mandible  makes  the  larynx  appear 
anterior  during  direct  laryngoscopy.  The  larynx  (area  X)  can  be  dis- 
placed posteriorly,  moving  the  laryngeal  inlet  into  the  line  of  vision 
(the  line  extending  from  the  eye  to  the  larynx)  by  applying  cncoid 
pressure. 


may  be  performed  by  careful  physical  exam,  chest  radio- 
graph, or  with  the  aid  of  a  variety  of  magnetic  or  light- 
guided  sensors  capable  of  locating  the  endotracheal  tube 
tip  through  the  chest  wall.  Appropriate  attention  to  correct 
tube  placement  initially  and  a  systematic  approach  to  rou- 
tine confirmation  of  position  should  reduce  the  potential 
for  malpositioned  endotracheal  tubes. 

Chronic  inflammatory  changes  from  endotracheal  intu- 
bation may  manifest  in  the  form  of  carinal  granuloma,  tra- 
cheobronchomalacia, chronic  bronchospasm,  and  recur- 
rent infection.  Increased  airways  resistance  is  common  in 
all  of  these  complications.  The  diagnosis  of  chronic  airway 
disease  is  based  upon  clinical  suspicion,  appropriate  inter- 
pretation of  physiologic  data,  and  confirmation  by  direct 
examination.  Table  9  lists  some  of  the  clinical  and  physio- 
logic signs  of  the  complications  of  chronic  airway  instru- 
mentation. 

Manual  ventilation,  using  a  flow-dependent  Mapleson 
circuit  and  anesthesia  bag,  may  provide  a  subjective  as- 
sessessment  of  dynamic  compliance  and  resistance,  and 
should  be  used  whenever  equipment  malfunction  or  pa- 
tient deterioration  is  suspected.  This  practice  is  part  of  the 
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suggested  procedure  for  transferring  care  during  and  after 
the  administration  of  anesthesia.-''  I  would  strongly  argue 
that  this  minimally  time-consuming  maneuver  should  be 
practiced  routinely  by  caregivers  in  intensive-care  settings. 
By  doing  so,  suspected  changes  in  airways  resistance  or 
lung  compliance  could  be  checked  against  a  baseline  con- 
dition, and  not-yet-symptomatic  disturbances  of  lung  and 
airways  mechanics  might  be  diagnosed  earlier.  While  the 
caregiver's  hand  is  certainly  not  as  reliable  over  an  extend- 
ed period  of  time  as  a  mechanical  ventilation  device,'"  we 
have  shown  that  changes  in  the  "feel"  of  the  bag  during 
manual  ventilation  of  as  little  as  5%  of  total  compliance  or 
volume  can  be  reliably  detected  by  anesthesiologists  after 
a  short  training  period  with  appropriate  feedback." 
Manual  ventilation  will  continue  to  have  a  place  in  the 
management  of  even  the  sickest  neonates  and  infants. '- 

Problems  at  Extubation 

Unfortunately,  most  of  the  significant  morbidity  from 
endotracheal  tube  placement  is  clinically  silent  until  the 
time  of  extubation,  making  an  early  diagnosis  of  condi- 
tions, when  they  are  potentially  reversible,  difficult.'' 
Some  of  the  causes  of  morbidity  are 

•  Trauma 

•  Tracheal  collapse 

•  Airway  obstruction 

•  Laryngospasm 

•  Laryngeal  edema 

•  Supraglottic 

•  Retroarytenoid 

•  Subglottic 

•  Vocal  cord  paralysis 

•  Abductor  failure 

•  Adductor  failure 

•  Vocal  cord  erosion 

•  Laryngeal  incompetence  leading  to  aspiration 

•  Pulmonary  edema 

Functional  causes  of  failed  extubation  include  loss  of 
abductor  tone,  mainly  from  excess  residual  sedation,  soft 
tissue  obstruction  from  edema,  and  vocal  cord  dysfunc- 
tion. Recurrent  laryngeal  nerve  damage  from  pressure 
commonly  manifests  itself  as  failure  of  vocal  cord  abduc- 
tion, with  increases  in  inspiratory  resistance  and  work  of 
breathing.  Negative-pressure  pulmonary  edema  quickly 
develops  with  the  combination  of  high  drive  to  breathe  and 
upper-airway  inspiratory  obstruction. '■*  Vocal-cord  ero- 
sion, arytenoid  dislocation  (often  a  result  of  direct  laryn- 
goscopy), and  vocal-cord-adduclor  weakness  become  clin- 


Table  9.      Clinical  and  Physiologic  Signs  of  Distal  Airway  Complications 
Secondary  to  the  Presence  of  an  Endotracheal  Tube 

Increased  airways  resistance 

Increased  peak  inspiratory  pressure 

Decreased  minute  ventilation 
Increased  Paco; 
Increased  respiratory  rate 
Wheezing 
Capnographic  changes 

Phase  2-3  slurring 

Increased  Pci-PaCO:  difference 

Increased  PAOi-PaO:  difference 
Difficulty  passing  suction  catheter 
Change  in  character  of  manual  ventilation 
Flow-volume  loop  changes 


ically  evident  becau.se  of  their  effects  on  the  mechanisms 
for  dynamic  FRC  maintenance. 

Without  phasic  changes  in  laryngeal  resistance  with 
respiration,  lung  expansion  is  impaired  during  inspiration, 
and  lung  volume  maintenance  is  impaired  during  exhala- 
tion. Because  laryngeal  braking  is  the  most  energy-effi- 
cient mechanism  for  FRC  maintenance,  loss  of  vocal-cord 
apposition  removes  the  best  defense  against  low  lung  vol- 
ume, and  clinical  respiratory  failure  may  result  from  a  spi- 
ral of  increasing  work  of  breathing,  atelectasis,  and  hypox- 
emia. In  addition,  these  adductor  failures  leave  the  child 
vulnerable  to  aspiration.  A  clear,  vigorous  cry  in  the  im- 
mediate post-extubation  period  virtually  excludes  the  pos- 
sibility of  significant  involvement  of  these  mechanisms. 

Treatment  of  Upper-Airway  Obstruction 

The  usual  approach  to  treatment  of  upper-airway  ob- 
struction evident  at  extubation  involves  therapy  to  increa.se 
airway  caliber  and  a  large  degree  of  optimism.  Controversial 
treatments  include  the  u.se  of  heliutn-oxygen  mixtures  and 
the  use  of  sedative  agents.  These  strategies  involve  tnanip- 
ulation  of  airway  caliber,  pressure  differentials,  or  gas  den- 
sity to  initiate  a  therapeutic  spiral  of  reduced  oxygen  cost 
of  breathing,  decreased  airflow  velocity,  and  further  re- 
duced work  of  breathing.  This  approach  etnphasizes  the 
importance  of  dynamic  collapse  cotnpounding  the  effect  of 
airway  obstruction,  resulting  in  multiple  sites  of  turbulent- 
flow  generation.  The  therapeutic  effect  of  conversion  to 
more  laminar  How  results  in  reversal  of  this  spiral. 

Less  frequently  utilized  outside  the  operating  rootn"  is 
simple  manual  support  of  the  airway  using  an  anesthesia 
bag  and  tiiask.  This  delivery  systetn  imposes  a  low  work  of 
breathing,  promotes  the  use  of  positive  airway  pressure  to 
restore  FRC  and  reduce  dynamic  collapse,  and  encourages 
changes  in  level  of  airway  support  based  upon  clinical, 
rather  than  laboratory,  findings.  A  few  minutes  of  tnanual 
airway  support  can  provide  the  caregiver  with  a  sen.se  of 
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the  dynamic  interactions  of  airways  resistance  and  lung 
volume,  whereas  fiberoptic  laryngoscopy  at  this  time  often 
results  in  further  airway  embarrassment  and  fails  to  pro- 
vide airway  support. 

Although  nebulized  epinephrine  may  reduce  laryngeal 
edema  enough  to  reduce  the  inspiratory  work  of  breathing, 
it  often  does  not  improve  symptoms  if  loss  of  dynamic  la- 
ryngeal (vocal  cord)  function  persists.  The  loss  of  dynamic 
changes  in  upper-airway  resistance  to  maintain  lung  vol- 
ume then  results  in  progressive  atelectasis  and  increased 
oxygen  requirement  in  the  absence  of  audible  stridor  or  re- 
tractions during  inspiration.  Transient  vocal-cord  dysfunc- 
tion is  common  after  tracheal  extubation.'*-''  and  temporary 
measures  to  maintain  FRC,  such  as  bag-and-mask  ventila- 
tion or  continuous  positive  airway  pressure  (CPAP),  may 
prevent  the  need  for  reintubation. 

Prevention  of  Complications 

Koka  and  colleagues^''  reviewed  7,875  consecutive  tra- 
cheal intubations  (performed  for  airway  maintenance  dur- 
ing surgical  procedures)  for  the  development  of  postextu- 
bation  croup  and  found  7  consistent  contributing  factors. 
These  factors  are  intubation  trauma,  endotracheal-tube 
leak  with  peak  pressure  >  30  cm  H^O,  cough,  head  or  neck 
movement,  duration  of  intubation  >  1  hour,  surgical  trau- 
ma to  the  head  or  neck,  and  age  1-4  years.  Interestingly, 
the  use  of  a  cuffed  endotracheal  tube  did  not  increase  the 
incidence  of  acute  postoperative  croup. 

The  common  pathophysiologic  link  among  these  fac- 
tors was  laryngeal  trauma  and  inflammation,  which  are 
most  likely  operant  over  long  periods  of  intubation. 
However,  a  particular  window  of  vulnerability  may  exist 
in  children  who  are  intubated  <  1  week.  It  has  been  sug- 
gested that  longer  intubation  may  be  relatively  protective 
because  of  healing  of  damaged  tracheal  mucosa  and  sub- 
mucosa  that  is  allowed  to  occur  because  there  is  a  spacer  in 
situ  in  the  form  of  the  endotracheal  tube.-' 

Reason  suggests  that  the  complications  of  endotracheal 
intubation  could  be  reduced  by  reducing  the  incidence  of 
tracheal  intubation.  With  the  possible  exception  of  positive 
airway  pressure  for  infant  respiratory  distress  syndrome, 
the  use  of  mechanical  ventilation  has  not  been  shown  to  in- 
crease the  likelihood  of  survival  for  most  medical  indica- 
tions'* despite  its  widespread  use.  The  usual  indications — 
abnormal  gas  exchange,  increased  work  of  breathing,  high 
risk  of  aspiration,  secretion  clearance,  upper-airway 
pathology,  and  anesthesia  and  surgery — should  be  careful- 
ly considered  in  light  of  the  potential  problems  empha- 
sized in  this  review. 

Noting  that  most  clinical  decisions  involve  tradeoffs  of 
side  effects  and  benefits,  even  the  National  Association  of 
Medical  Directors  of  Respiratory  Care  has  suggested  that 


careful  consideration  of  the  indications  and  contraindica- 
tions for  tracheal  intubation  might  be  the  best  approach  to 
reducing  intubation-associated  complications."  One  can 
hope  that  a  new  era  is  emerging  that  allows  the  wisdom  of 
outcome-driven  therapy  rather  than  the  quest  for  perfect 
blood-gas  values  at  any  cost  to  prevail.'*" 

In  the  operating  room,  a  fervor  has  developed  recently 
for  the  use  of  the  laryngeal  mask  airway  (LMA)  as  an  al- 
ternative to  endotracheal  intubation."*  This  device  forms  a 
low-pressure  seal  over  the  laryngeal  inlet  and  creates  a  low 
resistance  airway  that  is  relatively  secure  in  the  anes- 
thetized patient.  It  does  not  prevent  aspiration  of  gastric 
contents  or  laryngospasm,  and  is  unsuitable  in  the  face  of 
high  airways  resistance  or  low  lung  compliance  because  of 
its  relatively  low  leak  threshold  (20-30  cm  H^O).  As  one 
might  predict,  LMA  has  been  associated  with  less  tran- 
sient vocal-cord  dysfunction  than  tracheal  intubation  in  the 
short  term.''  In  some  cases,  airway  support  using  LMA 
could  supplant  endotracheal  intubation  for  long  surgical 
procedures — even  those  requiring  short-term  postopera- 
tive ventilatory  support — once  the  intensive-care  unit  staff 
is  appropriately  trained  in  its  use. 

The  use  of  noninvasive  ventilation  has  increased  in  re- 
cent years  because  of  awareness  of  some  relative  advan- 
tages over  tracheal  intubation  and  the  introduction  of  im- 
proved delivery  devices.  Noninvasive  ventilation  pre- 
serves normal  mechanisms  of  secretion  clearance  and 
enables  vocalization.  The  use  of  patient-triggered  modes 
results  in  less  muscle  derecruitment  and  preserves  ventila- 
tion-pert'usion  matching.  Phasic  bilevel  positive  airway 
pressure  (BLPAP)  is  a  form  of  noninvasive  ventilation  that 
is  functionally  similar  to  pressure-support  ventilation  and 
has  recently  been  shown  to  be  effective  for  patients  with 
acute  or  chronic  respiratory  failure  in  whom  the  avoidance 
of  endotracheal  intubation  is  more  common  practice.*""  I 
would  argue  that  the  more  extensive  use  of  mask  CPAP, 
BLPAP,  or  LMA,  especially  for  the  transition  from  higher 
to  lower  levels  of  ventilatory  support,  might  reduce  some 
of  the  complications  of  endotracheal  intubation  while  pro- 
viding the  benefits  of  preserved  upper-airway  function.^ 

Summary 

Airways  resistance  is  increased  in  neonates  and  infants 
because  of  their  small  airway  size.  The  transition  to  turbu- 
lent flow  occurs  at  points  of  airway  narrowing,  contribut- 
ing to  dynamic  airway  collapse.  Infants  rely  heavily  on  dy- 
namic mechanisms  for  maintenance  of  lung  volume.  The 
dynamic  function  of  the  larynx  may  be  the  infant's  most 
important  mechanism  for  maintaining  lung  volume.  Work 
of  breathing  is  increased  in  infants  because  of  passive  and 
active  components  involving  airways  resistance  and  lung- 
volume  maintenance.  The  spectrum  of  expiratory  muscle 
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activity  is  an  important  cause  of  ventilation  difficulty  in 
the  infant  relying  on  dynamic  FRC  mechanisms,  especially 
with  an  endotracheal  tube  in  place.  Loss  of  dynamic  laryn- 
geal function  after  tracheal  extubation  is  a  important  cause 
of  failed  extubation.  and  noninvasive  means  of  applying 
positive  airway  pressure  can  restore  lung  volumes  and  gas- 
exchange  efficiency  while  laryngeal  function  improves. 
Increased  use  of  alternatives  to  tracheal  intubation  may  re- 
duce the  complications  of  tracheal  instrumentation. 
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Inhaled  Anti-Inflammatory  Agents  in  Childhood  Asthma: 
Theory  and  Practice 
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Introduction 

Morbidity  and  mortality  from  child- 
hood asthma  are  increasing  worldwide 
despite  an  increasing  understanding  of 
the  pathophysiology  of  asthma  and  an 
array  of  effective  medications  with 
which  to  treat  this  chronic  disease. '■- 
This  international  trend  has  been  re- 
flected locally  in  that  asthma  is  the 
leading  cause  for  admission  to  our  pe- 
diatric tertiary  care  hospital  (Arkansas 
Children's  Hospital,  Little  Rock,  Ark- 
ansas). In  this  review,  I  relate  our  anec- 
dotal experience  and  summarize  the 
pertinent  literature. 

Respiratory  care  practitioners  tradi- 
tionally have  been  actively  involved  in 
acute  asthma  management.  In  our  hos- 
pital, we  have  implemented  a  thera- 
pist-driven protocol  for  all  patients  ad- 
mitted with  an  acute  exacerbation  of 
asthma,  the  Respiratory  Care  Plan  for 
Asthma.  This  protocol  includes  a  clini- 
cal scoring  system,  frequent  evaluation 
by  the  therapist  to  assess  severity,  a 
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Structured  treatment  plan,  and  compre- 
hensive asthma  education.  Because 
respiratory  care  practitioners  are  being 
asked  to  expand  their  role  to  include 
patient  education,  it  is  important  that 
they  expand  their  understanding  of 
asthma  to  include  knowledge  not  only 
of  the  acute  bronchospastic  event  that 
characterizes  an  acute  exacerbation  but 
also  that  the  airway  obstruction  present 
is  the  result  of  inultiple  interrelated 
factors.'  Factors  contributing  to  airway 
obstruction,  such  as  airway  inflamma- 
tion and  edema,  need  to  be  a  major  focus 
when  it  comes  to  therapeutic  strategies 
for  chronic  management  and  prevention. 
The  inclusion  of  airway  inflamma- 
tion in  the  definition  of  asthma  has  un- 
derlined its  importance  in  the  pathogen- 
esis of  asthma  and  reinforced  the  use  of 
anti-inilammatory  agents  as  first-line 
treatment.^  Airway  inflammation  is 
viewed  as  a  crucial  component  for  the 
chronicity  of  asthma,  the  intensity  of 
airway  hyperresponsiveness,"^  and  the 
reason  for  lack  of  control  when  bron- 
chodilator  is  used  alone.  A  combination 
of  genetic  and  environmental  factors 
leads  to  the  development  of  asthma. 
Environmental  factors  can  increase  air- 
way responsiveness  and  produce  in- 
flammation.'' hnportant  triggers  of  in- 
flainmation  in  children  include  respira- 
tory viral  pathogens,  allergens,  and 
tobacco  smoke.  A  variety  of  inflamma- 
tory cells  have  been  proposed  to  con- 
tribute to  the  pathogenesis  of  asthma. 
These  cells  include  resident  airway  in- 
flammatoi7  cells  (mast  cells,  alveolar 
macrophages,  epithelium,  endotheli- 


um, and  autonomic  nerves)  and  recruit- 
ed circulating  inflammatory  cells 
(eosinophils,  neutrophils,  and  T  cells).^ 
TTie  interplay  of  these  cell  types  and 
mediators  is  responsible  for  the  clinical 
expression  of  asthma,  but  the  cellular 
and  biochemical  mechanisms  involved 
in  the  pathogenesis  and  pathophysiolo- 
gy of  asthma  are  incompletely  under- 
stood, and  the  mechanisms  governing 
airway  hyperresponsiveness  remain 
undiscovered.  However,  there  is  ample 
evidence  of  an  active  inflammatory 
process  in  the  airways  of  patients  with 
asthma,  even  when  the  patients  are 
asymptomatic'  This  gives  rise  to  the 
practice  of  using  anti-inflammatory 
agents  as  first-line  therapy,  with  the 
goal  of  achieving  a  stable  asymptomat- 
ic state  with  the  best  pulmonary  func- 
tion possible  and  greatest  control  of  air- 
way hypenesponsiveness. 

Anti-Inflaminatory  Agents 

This  model  of  inflammation  gives 
us  a  framework  from  which  to  develop 
treatment  strategies  that  include  using 
anti-inflammatory  agents  as  first-line 
therapy  for  all  children  with  moderate- 
to-severe  asthma.  Crotnolyn  sodium, 
nedocromil  sodium,  and  glucocorti- 
coids are  the  anti-inflammatory  agents 
cunently  available  to  us  for  such  thera- 

py- 

Cromolyn  Sodium 

Cromolyn  .sodium  has  been  avail- 
able for  managing  patients  with  asth- 


lOX 


RESPIRATORY  CARE  •  .lANUARY  "95  Vol  40  No  I 


DRUG  CAPSULE 


ma  for  over  25  years  and  has  a  high 
safety  profile,  hs  precise  mode  of  ac- 
tion remains  unclear,  but  cromolyn  is 
known  for  its  ability  to  reduce  mast- 
cell  reactivity.  With  long-term  use, 
cromolyn  sodium  prevents  and  reduces 
inflammation  and  decreases  bronchial 
hyperresponsiveness. ''  It  can  also  block 
bronchospasm  when  taken  immediate- 
ly before  exercise  or  allergen  expo- 
sure.** Studies  have  shown  that  cro- 
molyn controls  symptoms  of  cough, 
wheezing,  and  nocturnal  awakenings 
in  childhood  asthma.''  It  is  as  effective 
as  theophylline  or  inhaled  corticos- 
teroids in  managing  mild-to-moderate 
asthma  but  has  the  advantage  of  a  bet- 
ter safety  profile,  especially  in  chil- 
dren.'"" For  these  reasons,  cromolyn 
sodium  is  recommended  in  both  na- 
tional and  international  guidelines  as  a 
first-line  medication  for  moderate 
childhood  asthma. ""-  Cromolyn  can  be 
effective  in  controlling  symptoms  as 
soon  as  2  weeks  after  the  start  of  thera- 
py but  may  take  up  to  4-6  weeks  in 
some  patients,  and  up  to  12  weeks  to 
alter  bronchial  reactivity.^ 

Cromolyn  is  available  in  three  dif- 
ferent fornis  in  the  United  States:  in 
capsules  (20  mg/cap)  for  use  with  a 
dry-powder  inhaler  (Spin-haler®, 
Fisons.  Rochester  NY),  nebulizer  solu- 
tion (20  mg/vial),  and  metered-dose  in- 
haler (1  mg/puff).  In  our  Center,  we 
generally  start  with  a  dose  of  2  puffs 
via  the  metered-dose  inhaler  four  times 
a  day.  If  there  is  no  response  to  cro- 
molyn at  4  weeks  or  if  symptoms  wors- 
en prior  to  that  time,  we  consider  in- 
creasing the  dose.  We  often  increase 
the  dose  during  the  pollen  season  when 
we  anticipate  a  greater  exposure  to  al- 
lergens. Our  anecdotal  experience  is 
that  many  of  our  patients  can  tolerate  a 
reduction  of  the  dose  to  three  times  a 
day  but  often  have  breakthrough  symp- 
toms of  cough  or  wheezing  on  a  dosage 
of  twice  a  day.  However,  Furukawa  et 
al  found  that  75%  of  a  group  of  chil- 
dren could  maintain  control  with  a  reg- 
imen of  only  twice  a  day.'" 

From  published  reports  and  our 


own  experience,  we  believe  that  cro- 
molyn is  a  safe  medication  to  use. 
Many  reactions  to  cromolyn  appear  to 
be  related  to  coughing  that  results  from 
use  of  either  the  metered-dose  inhaler 
or  dry-powder  formulation.  The  one 
death  that  has  been  described  was  re- 
portedly caused  by  bronchoconstric- 
tion  triggered  by  powder  from  the  dry- 
powder  inhaler.  In  a  prospective  study 
of  375  patients,"  investigators  report- 
ed side  effects  in  only  2%.  In  laborato- 
ry studies,  animals  were  given  cro- 
molyn in  large  doses  parenterally,  oral- 
ly, or  by  inhalation.  Even  after  inhaling 
cromolyn  for  days,  toxic  levels  were 
never  achieved.''* 

Nedocromil  Sodium 

Nedocromil  sodium  is  a  pyrano- 
quinoline  that  was  developed  to  treat 
the  specific  type  of  inflammatory  pro- 
cess seen  in  asthmatic  airways.  It  has 
been  shown  to  have  a  broad  spectrum 
of  anti-inflammatory  effects  with  well- 
documented  specific  activity  against 
eosinophils,  neutrophils,  monocytes, 
macrophages,  platelets,  and  mast 
cells.""' Nedocromil  has  been  studied 
in  placebo-controlled  clinical  trials  at 
both  four-times-  and  twice-daily  do- 
sages. These  investigations  have 
shown  nedocromil  to  be  active  in  re- 
ducing symptoms,  improving  lung 
function,  and  decreasing  bronchial  hy- 
perresponsiveness. A  multicenter,  dou- 
ble-blind trial'^  involved  127  patients 
with  mild-to-moderate  asthma  who 
had  been  maintained  on  slow-release 
theophylline  and  beta-adrenergic  bron- 
chodilators  and  were  randomly  as- 
signed to  receive  either  nedocromil  or 
placebo  four  times/day  for  14  weeks. 
Slow-release  theophylline  was  with- 
drawn after  2  weeks  of  treatment,  and 
regular  use  of  /32-agonists  was  discon- 
tinued at  the  sixth  week  of  treatment. 
Patients  on  nedocromil  sodium 
showed  a  statistically  significant  re- 
duction in  their  daytime  and  nighttime 
symptom  scores  within  3  days  of  the 
start  of  the  treatment.  This  improve- 


ment in  symptom  summary  scores  oc- 
curred along  with  a  decrease  in  as- 
needed  bronchodilator  use.  Patients 
treated  with  nedocromil  also  showed 
statistically  significant  increases  in 
pulmonary  functions.'^  A  twice-daily 
study"*  has  also  shown  improvements 
in  symptom  scores  within  the  first  2 
weeks  of  treatment.  We  generally 
begin  our  patients  on  nedocromil  (2  in- 
halations) 4  times  daily,  and  when  the 
patient's  asthma  is  under  good  control 
in  several  weeks,  we  reduce  this  to  3 
times  daily  and  then  after  several 
weeks  of  additional  control  to  twice 
daily.  Two  multicenter.  placebo-con- 
trolled comparisons  of  nedocromil 
sodium  and  cromolyn  sodium  have 
been  conducted.  One  study'**  compared 
nedocromil  (4  mg.  4  times/day)  to 
placebo  and  cromolyn  (2  mg,  4 
times/day)  to  placebo.  Both  active 
treatment  groups  showed  statistically 
significant  improvements  in  asthma 
symptoms  and  pulmonary  function 
when  compared  to  placebo.  One  symp- 
toms parameter  (nighttime  asthma) 
and  one  measure  of  lung  function 
(FEVi)  showed  statistically  significant 
greater  improvement  in  the  cromolyn 
sodium  group.  A  6-week  multicenter 
study-"  of  nedocromil  (4  mg).  cro- 
molyn sodium  (2  mg).  and  placebo  4 
times/day  involved  1 32  moderately  se- 
vere asthma  patients  who  had  been 
maintained  on  inhaled  /B^-agonists  and 
inhaled  corticosteroids.  Before  the  start 
of  the  study,  the  dose  of  inhaled  corti- 
costeroid was  reduced  by  up  to  50%  to 
produce  a  statistically  significant  in- 
crease in  asthma  symptoms.  Statisti- 
cally significant  between-group  differ- 
ences favored  nedocromil  sodium  over 
cromolyn  sodium  for  reductions  in 
daytime  asthma  symptoms,  nighttime 
asthma  symptoms,  and  nighttime  as- 
needed  bronchodilator  use.  At  present, 
the  data  on  the  relative  efficacies  of  ne- 
docromil sodium  and  cromolyn  sodi- 
um are  inconclusive. 

When  compared  to  low-dose  in- 
haled corticosteroids,  nedocromil  has 
been  found  to  show  no  statistically  sig- 
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nificant  ditterence  in  reduced  symp- 
tom scores,  increased  pulmonary  func- 
tion, or  reduced  use  of  inhaled  bron- 
chodilators.-'  Bergman  et  al--  showed 
that  4  mg  of  nedocromil  sodium  and 
100  f.ig  of  beclomethasone  dipropi- 
onate  both  produced  statistically  sig- 
nificant improvement  in  asthma  symp- 
toms and  overall  asthma  severity  when 
given  four  times  daily.  Clinical  studies 
are  available  showing  added  benefit 
when  nedocromil  sodium  is  adminis- 
tered with  theophylline,  /3;-agonists, 
and  inhaled  corticosteroids.-'  In  some 
cases,  patients  with  moderate-to-se- 
vere disease  may  be  able  to  reduce 
their  use  of  inhaled  steroids.  Further, 
the  pharmacokinetic  characteristics  of 
nedocromil  sodium  suggest  that  this 
new  anti-intlammatory  agent  is  a  safe 
treatment  for  asthma.  It  is  absorbed 
from  the  lung  and  rapidly  cleared  from 
the  plasma.  Little  nedocromil  sodium 
is  absorbed  from  the  gastrointestinal 
tract.  Carrasco  and  Sepulveda-^  have 
summarized  the  results  of  both  double- 
blind  controlled  and  open-labeled  clin- 
ical trials  of  the  drug  involving  more 
than  8,400  patients  and  ranging  in 
length  from  2  to  52  weeks.  The  most 
commonly  reported  adverse  effect  of 
nedocromil  was  an  unpleasant  taste, 
which  was  reported  by  approximately 
\y'/c  of  patients  participating  in  these 
clinical  trials.  Other  adverse  events  re- 
ported by  more  than  y/c  of  the  patients 
were  rhinitis,  nausea,  and  headache. 
Because  nedocromil  can  produce 
symptoinatic  improvement  within  the 
first  2  weeks  of  treatment,  has  a  high 
safety  profile,  and  is  less  expensive 
than  cromolyn  in  our  institution,  we 
recommend  it  for  first-line  therapy  for 
nuld-to-moderate  childhood  asthma. 

Inhaled  Corticosteroids 

The  National  Heart,  Lung,  and 
Blood  Institute  and  the  International 
Consensus  Committee  on  the  Diagnosis 
and  Management  of  Asthma  have  iden- 
tified glucocorticoids  as  the  inost  effec- 
tive anti-infiammatory  drugs  for  the 


treatment  of  asthma.*^'-  Hydnx-ortisone 
(Cortisol ),  the  primary  glucocorticoid,  is 
a  4-ringed  steroid  molecule  that  con- 
tains several  structural  moieties  essen- 
tial for  its  glucocorticoid  and  anti-in- 
tlammatory activity.  Corticosteroids 
have  niiuiy  actions  that  make  them  use- 
ful in  treating  asthma  (reduced  mi- 
crovascular permeability,  reduced 
mucus  secretion,  reduced  prostaglandin 
production,  enhanced  /3:-adrenergic  re- 
sponses, reduced  mast  cell  number  and 
reactivity,  and  reduction  in  airway  reac- 
tivity).-'' Long  before  the  cellular  mech- 
anisms of  glucocorticoids  were  defined, 
attempts  were  made  to  develop  safe  and 
effective  topical  delivery  systems  for 
glucocorticoids.  It  is  generally  accepted 
that  early  preparations  of  inhaled  hydro- 
cortisone and  prednisolone  in  the  1950s 
had  relatively  low  potency.  Improved 
potency  was  demonsU'ated  with  inhaled 
dexamethasone  in  the  1960s,  but  there 
were  also  significant  side  effects. 
Subsequently,  modifications  were  de- 
signed to  increase  potency,  decrease 
systemic  absorption,  and  alter  systemic 
metabolism  (Fig.  l)as  recently  dis- 
cussed in  this  journal.-*'  Alteration  of  the 
side  chains  at  C16  and  CI7  produced 
greater  topical  potency.  Halogenation  at 
C6  or  C9  produced  greater  systemic  ac- 
tivity. Addition  of  a  double  bond  at  Cl- 
C2  reduced  metabolic  inactivation. 

Inhaled  corticosteroids  are  topically 
potent,  with  reduced  systemic  side  ef- 
fects when  delivered  by  this  route. 
Randomized  controlled  studies  have 
documented  the  efficacy  of  inhaled 
steroids  in  reducing  bronchial  hyperre- 


activUy. 


We  believe   inhaled 


steroids  should  be  used  in  any  asthmat- 
ic pediatric  patient  in  whom  cromolyn 
or  nedocromil  fail  to  control  the  asth- 
ma symptoms.  In  the  United  States, 
three  inhaled  steroids  are  currently 
available:  beclomethasone  dipropi- 
onate.  triamcinolone  acetonide.  ami 
fiunisolide.  Budesonide  is  available  in 
Canada  and  Europe  but  not  in  the 
United  States.  Some  studies  have  sug- 
gested a  somewhat  greater  relative  po- 
tency and  a  somewhat  lower  relative 


systemic  activity  for  budesonide  over 
beclomethasone,  triamcinolone,  and 
fiunisolide. -"■-'^  Other  experimental 
data  directly  comparing  the  relative 
potency  and  systemic  side  effects  are 
inconclusive.  Fluticasone  propionate  is 
a  dry-powder  inhaled  corticosteroid 
preparation  currently  (1994)  under  de- 
velopment. Data  suggest  that  fluticas- 
one may  have  an  improved  ratio  of 
topical  potency  to  systemic  safety 
compiired  with  other  inhaled  corticos- 
teroids. In  one  clinical  study.'"  it  was 
found  to  be  as  effective  at  half  the  dose 
required  for  beclomethasone  or  budes- 
onide. At  least  one  study  suggests  that 
it  is  well  tolerated  in  children." 

We  generally  start  with  dosages  of 
inhaled  corticosteroids  that  are  adequate 
to  control  asthma  symptoms  and  then 
decrea.se  the  dose  once  the  asthma  is 
under  control.'-  Clinical  response  is 
proportional  to  the  dose  administered 
(within  the  therapeutic  range).  The 
more  frequently  corticosteroids  are 
used,  the  more  effective  they  are." 
Therefore,  initially,  inhaled  steroids  can 
be  used  3  to  4  times/day  and  then  re- 
duced to  2  times/day.  The  addition  of 
inhaled  steroids  to  cromolyn  or  ne- 
docromil has  also  been  found  to  be  clin- 
ically effective  during  episodes  of  wors- 
ening asthma.*^ 

Miuiy  physicians  appear  reluctant  to 
u.se  inhaled  steroids  because  uncertainty 
and  controN'ersy  remain  regiuding  the 
magnitude  of  risk  posed  by  tlie.se  medi- 
cations; however,  inhaled  corticosteroids 
have  fewer  adverse  cft'ects  th;ui  systemic 
corticosteroids.  If  inhaled  steroids  are 
used  liberally  in  patients  who  require 
continual  oral  corticosteroids  to  control 
asilima,  prolonged  use  of  systemic  corti- 
costeroids may  be  avoided.  Tlie  lowest 
di>se  thai  eliminates  asthma  symptoms 
and  prixluces  nonnal  |Te;ik  How  variabili- 
ty  shouki  Ix'  used.  The  side  effects  of  in- 
haled corticosteroids  can  be  either  lixnil 
or  systemic.  Local  side  effects  result 
li'om  dei^isition  in  the  orophiuynx,  l;ir- 
ynx,  luid  up|X'r  airway  ;uid  may  include 
candidiasis,  d\sphonia,  cough,  and  bron- 
cho.spasm.  lliese  side  effects  can  be  min- 
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Hydrocortisone 


Beclomethasone  Dipropionate 


Dexamethasone  Phosphate 


Betamethasone  Valerate 


Fluticasone  Propionate 


Fig.  1 .  Structural  formulas  of  corticosteroids  suitable  for  aerosol  administration.  (The  formula  for 
hydrocortisone  shows  positional  numbering.)'" 


imized  or  eliminated  completely  by 
using  a  spacer  device  or  by  rinsing  the 
mouth  after  each  use.  Systemic  side  ef- 
fects result  from  systemic  absorption 
from  the  upper  airway,  lungs,  or  gas- 
trointestinal tract.  The  major  concerns  in 


children  include  impaired  growth,  de- 
creased bone  formation,  adrenal  suppres- 
sion, and  cataracts. 

There  was  early  concern  that  the  ef- 
fect of  inhaled  steroids  on  growth  re- 
tardation in  children  might  possibly  be 


the  same  as  the  regular  use  of  oral  cor- 
ticosteroids. The  effects  of  oral 
steroids  in  retarding  epiphyseal  matu- 
ration and  suspending  growth  of  long 
bones  are  well  established.  A  review- 
of  data  from  several  long-term  clinical 
trials  has  failed  to  demonstrate  an  ef- 
fect of  inhaled  steroids  on  growth  in 
asthmatic  children  at  doses  less  than 
800  /jg  per  day.  A  recently  published 
meta-analysis"^  summarized  studies 
comparing  attained  heights  of  children 
with  asthma  treated  with  inhaled  or 
oral  corticosteroids.  There  was  no  sta- 
tistical evidence  for  an  association  be- 
tween beclomethasone  therapy  and 
growth  impaimient  at  higher  doses,  for 
longer  therapy  duration,  or  among  pa- 
tients with  more  severe  asthma. 

It  has  been  shown  that  prolonged 
treatment  with  oral  steroids  in  asthmat- 
ic patients  leads  to  decreased  bone 
mineral  density.  Few  published  studies 
have  investigated  bone  density  assess- 
ment in  inhaled  corticosteroid  use. 
Konig  et  al"  demonstrated  that  be- 
clomethasone taken  by  children  in 
doses  up  to  800  /ig/day  had  no  signifi- 
cant effect  on  biochemical  markers  or 
bone  density.  A  recently  published 
study  by  Kinberg  et  al'**  concluded  that 
children  taking  a  mean  of  606  yug/day 
of  inhaled  steroids  do  not  appear  to 
have  reduced  bone  mass. 

In  regard  to  suppression  of  the  hy- 
pothalamic-pituitary-adrenal  (HPA) 
axis,  only  rare  anecdotal  reports  have 
suggested  clinical  adrenal  insuffi- 
ciency or  Gushing" s  syndrome  relat- 
ed to  inhaled  corticosteroids.  Some 
studies'^"'"  have  reported  statistically 
significant  measurable  effects  on  nor- 
mal adrenal  function  tests  at  doses 
within  or  near  the  therapeutic  range 
in  children.  However,  each  of  these 
studies  has  been  confounded  by  other 
variables,  including  oral  steroid  use 
and  inadequate  controls.  The  clinical 
importance  of  these  studies  is  un- 
known. 

The  incidence  of  posterior  cataracts 
in  asthmatic  children  dependent  on 
oral  corticosteroids  differs  widely 
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among  studies  from  23%-29.\%^~^ 
Rare  anecdotal  reports  have  suggested 
possible  links  between  inhaled  steroids 
and  cataracts.  In  a  study  by  Agertoft 
and  Pedersen.-'''  27  children  were  ex- 
amined after  a  mean  of  4.5  years  of  in- 
haled budesonide  use,  and  none  of  the 
children  had  posterior  cataracts.  The.se 
facts  suggest  that  the  cases  in  the  anec- 
dotal reports  probably  resulted  from 
taking  oral  corticosteroids. 

Other  anti-inflammatory  agents 
(intravenous  gamma  globulin,  metho- 
trexate, gold,  lipoxygenase  inhibitors) 
may  occasionally  be  used  in  patients 
who  have  intractable  symptoms  that 
cannot  be  controlled  on  standard  ther- 
apy. 

In  Conclusion 

Management  of  childhood  asthma 
requires  a  comprehensive  approach 
that  includes  aggressive  patient  educa- 
tion to  foster  the  understanding  of  the 
importance  of  anti-inflammatory  ther- 
apy for  prevention  and  control  of  asth- 
ma symptoms.  Respiratory  care  practi- 
tioners in  our  pediatric  tertiary  care 
hospital  and  in  other  institutions  are 
being  asked  to  become  actively  in- 
volved in  this  educational  process  and, 
therefore,  must  also  understand  the  im- 
portance of  introducing  anti-inflamma- 
tory agents  at  earlier  stages  of  this  dis- 
ease. Cromolyn  or  nedocromil  should 
be  used  as  first-line  therapy  in  child- 
hood because  of  high  safety  profiles 
associated  with  both  agents.  However, 
inhaled  steroids  should  be  used  if  asth- 
ma symptoms  are  not  controlled  with 
cromolyn  or  nedocromil.  Inhaled 
steroids  have  less  morbidity  than  un- 
treated asthma  or  the  frequent  use  of 
oral  steroids.  We  believe  that  this  more 
aggressive  management  by  a  team  of 
health-care  professionals  that  includes 
the  respiratory  care  practitioner  in  a 
new  expanded  role  of  providing  pa- 
tient assessment  and  patient  education 
will  help  to  reverse  the  recent  trend  of 
increasing  morbidity  and  mortality  in 
childhood  asthma. 
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Application  in  Infants 

Sheila  Horan  Alderson  BS  RRT  and  Robert  Hughes  Warren  MD 


Historical  Perspective 

Pulmonary  function  testing  devices  such  as  the  respira- 
tory inductive  plethysmography  system — the  focal  point 
of  this  discussion — have  had  their  origin  in  our  desire  to 
measure  breathing  patterns  without  artificial  connections 
to  the  airway.  This  has  been  especially  important  since  the 
documentation  that  breathing  on  a  mouthpiece  produces  an 
increase  in  respiratory  rate  and  a  decrease  in  tidal  volume.' 
Technical  problems  related  to  an  artificial  airway  connec- 
tion include  its  infeasability  in  young  children,  the  limita- 
tions imposed  on  subject  mobility,  and  the  limitations  on 
collecting  data  over  the  long  term. 

Calipers 

One  of  the  earliest  devices  used  to  obtain  objective  mea- 
surements of  the  changes  with  respiration  utilizing  chest-wall 
measurement  was  the  caliper.  The  caliper  consisted  of  two 
branches,  or  arms,  one  of  which  was  movable  and  contained  a 
measurement  component  to  accurately  measure  distance 
moved.-  Of  course,  no  dynamic  measurements  were  possible. 
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Strain  Gauges 

Mercury-in-silastic  strain  gauges  were  first  used  to  esti- 
mate blood  flow  in  extremities  but  later  were  evaluated  for 
the  measurement  of  circumferential  changes  of  the  chest 
with  breathing.  Recordings  from  gauges  placed  around 
both  the  ribcage  and  abdomen  allowed  the  movement  of 
both  to  be  analyzed. -'■■* 

Magnetometers 

Mead,  in  1 967,  described  the  magnetometer  to  be  applica- 
ble to  respiratory  monitoring.''  Magnetometers  placed  on  op- 
posing sides  of  the  chest  wall  generate  a  magnetic  field. 
Changes  in  the  magnetic  field  due  to  changes  in  the  size  of 
the  thorax  with  respiration  may  accurately  reflect  volume 
changes  if  the  device  is  accurately  calibrated.  Magnetome- 
ters have  had  their  place  in  the  research  laboratory  in  the 
study  of  respiratory  mechanics  in  both  term  and  preinature 
infants,'' '  In  1988,  Heldt  compared  the  efficacy  of  the  mag- 
netometer to  both  the  mercury-in-rubber  strain  gauge  and  the 
first  generation  respiratory  inductive  plethysmograph  (RIP). 
Heldt  found  that  the  ability  to  partition  volume  accurately 
was  similar  with  the  strain  gauge  and  the  RIP  device,  where- 
as the  magnetometer  was  considerably  less  accurate. ** 

Impedance  Pletliysmography 

The  use  of  electrical  impedance  plethysmography  is 
based  on  the  concept  that  impedance  changes  with  respira- 
tion and  that  the  changes  can  be  conelated  with  spirometry. 
Various  methodologies  have  been  studied  over  the  years  to 
identify  ideal  electrode  placement,  circuitry,  and  type  of 
electrodes  for  use.''  Despite  improvements,  this  device  has 
remained  difficult  to  calibrate.  Studies  have  suggested  that 
the  reason  for  this  is  related  to  the  resistance  of  the  lung  that 
changes  relative  to  the  degree  of  aeration  as  well  as  to  redis- 
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tributions  in  blood  volume  during  respiration.'"  An  early 
study  by  Ashutosii  et  al"  and  a  recent  study  by  Baird  and 
Neuman''  assessed  both  the  strain  gauge  and  impedance 
pneumography  in  term  healthy  newborns  and  described  the 
effect  of  infant  position  on  the  breathing  pattern. 

Continuing  Development 

In  1967,  Konno  and  Mead  defined  two  degrees  of  free- 
dom of  motion  of  the  respiratory  system  and  demonstrated 
that  total  volume  changes  with  respiration  were  equal  to 
the  sum  of  the  volume  changes  of  the  ribcage  and  abdomi- 
nal compartments.'-  Confirmation  of  this  finding  allowed 
a  procedure  whereby  adjustment  of  electrical  amplifier 
gains  of  devices  measuring  ribcage  and  abdomen  move- 
ment, such  as  abdominal  linear-displacement  transducers, 
magnetometers,  and  RIP,  could  establish  volume  equiva- 
lency of  the  ribcage  (RC)  and  abdomen  sum  (AB)  to  an  ab- 
solute-volume measuring  device,  such  as  a  spirometer  or 
integrated  pneumotachograph."'^ 

In  1981,  Duffty,  et  al  demonstrated  RIP  calibration  in 
15  infants  utilizing  different  sleep  states  to  calibrate  with 
integrated  pneumotachography."  In  1985,  we  reported  ac- 
curate RIP  calibration,  utilizing  a  single-position  tech- 
nique on  50  quietly  awake  infants;  and  in  1986,  reported 
breathing  pattern  data  on  70  awake  infants.'*'''  A  supine- 
to-upright-position-change  calibration  technique  for  RIP 
in  9  low-birthweight  premature  infants  was  described  as 
accurate  by  Stefano  et  al  in  1986.'* 

In  1 1  infants  weighing  less  than  1500  grams.  Wilkes  et 
al'''  reported  in  1987,  a  separate  sleep-state  calibration 
technique  with  only  25%  of  the  studies  having  acceptable 
accuracy.  In  1992,  Stick  et  al'°  compared  the  peak  tidal  ex- 
piratory flow  as  a  proportion  of  total  expiratory  time  in  19 
term  infants  using  an  uncalibrated  RIP  and  pneumotacho- 
graph. A  qualitative  diagnostic  calibration  for  RIP  was 
demonstrated  as  an  accurate  method  in  21  term  infants  by 
Adams  and  colleagues  in  1993.-'  We  reported  chest-wall- 
motion  data  in  1994,  on  9  term  infants  with  the  single-po- 
sition calibration  technique  of  RIP.--  Investigators  have 
thus  demonstrated  the  complexity  of  developing  a  calibra- 
tion technique  that  would  be  both  time  efficient  and  of  suf- 
ficient accuracy  to  allow  clinical  and  practical  utilization 
of  chest-wall  motion  as  an  assessment  of  pulmonary  func- 
tion. 

RIP  is  the  most  widely  used  technique  of  body-surface 
measurement  of  chest-wall  motion.  Quantitation  of  the  de- 
gree of  asynchrony  of  the  breathing  pattern  has  promise  as 
a  noninvasive  approach  to  assess  infant  lung  dysfunction 
and  disease.-'  -'  This  method  avoids  the  alterations  in  tidal 
volume  and  frequency  that  occur  as  a  result  of  airway  con- 
nections.-*'--'' 


The  Respitrace  PT  Setup 

Infants  are  fitted  with  RIP  transducer  bands  (Respibands 
Plus,  NIMS.  Miami  Beach  FL).  The  bands  are  elastic 
polyester  with  sinusoid  coils  of  teflon-insulated  wire  embed- 
ded within  them.  Changes  in  the  cross-sectional  area  of  the 
RC  and  AB  compartments  alter  the  self-inductance  of  the 
coils  and  the  frequency  of  their  oscillations.-'*  These  bands 
are  2.5  cm  in  width  and  are  equipped  with  snap  electrical 
connectors.  The  transducer  bands  are  placed  around  the 
RC  at  the  level  of  the  nipple  line  and  around  the  AB  0.5  cm 
above  the  umbilicus  (Fig.  1 ). 

The  RIP  transducers  are  connected  to  the  RIP  monitoring 
device,  which  records  original  breath,  electrocardiogram. 


RIP  Mobile  Unit  with  Removable 
Hard  Drive  Port  Recording 

•Breathing 

•Heart  Rate 

•02  Saturation 


RIP  Base  Station  With 
Hard  Drive  Port 


Fig.  1.  Schema  of  the  respiratory  inductive  plethysmography  (RIP) 
setup.  The  ribcage  and  abdomen  respibands  (transducers)  are  con- 
nected by  a  wire  to  the  portable  Respitrace  monitoring  device.  A  re- 
movable hard  drive  within  the  monitoring  device  records  original 
breath,  electrocardiogram,  oximetric  waveforms,  and  events.  The 
hard  drive  is  removed  and  brought  to  the  base  station  personal  com- 
puter for  downloading  of  data.  An  event  data  processing  program  al- 
lows extensive  analysis. 
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Fig.  3.  Counterclockwise  Konno-IVIead  loops  of  two  breaths  on  an 
infant  subject.  Tfie  y-axis  is  ribcage  movement.  Ttie  x-axIs  is  ab- 
domen movement. 


Qualitative  Diagnostic  Calibration  Technique 


Fig.  2.  Real-time  uncompressed  ribcage,  abdomen,  and  tidal  vol- 
ume (sum  of  ribcage  and  abdomen  signals)  waveforms  on  an  in- 
fant subject. 


oximetric  waveforms,  and  events  on  a  removable  hard  drive 
incorporated  within  the  monitor  chassis.  This  monitor  con- 
tains software  that  performs  the  qualitative  diagnostic  cali- 
bration (QDC),  which  is  a  procedure  that  utilizes  a  modifica- 
tion of  the  isovolume  calibration  equations  such  that  the  elec- 
trical gains  of  RC  and  AB  amplifiers  of  RIP  can  be 
established  during  a  5-minute  period  of  natural  breathing.' 
This  method  provides  semiquantitative  values  for  RIP  mea- 
surements. 

Data  are  downloaded  from  the  removable  hard  drive  di- 
rectly onto  the  hard  drive  of  a  personal  computer  (PC).  An 
event  data  processing  (EDP)  software  program  enables  the 
PC  to  receive  digital  information  from  the  RIP  monitor  and 
to  display  real-time  uncompressed  wavefomis  on  the  com- 
puter screen  in  the  display  mode  (Fig.  2). 

HDP  allows  extensive  analysis  and  archiving  of  individu- 
al breaths  and  provides  data  for  assessment  of  the  phasic  rela- 
tionships and  compartment  asynchrony  of  the  RC  and  AB 
(Figs.  3  &  4),  including  percent  ribcage  CXRC)  contribution 
to  tidal  volume  (Vj  ),  phase  angle,  laboreil  breathing  index 
(LB I),  and  tidal  tlow-volume  loops. 


The  classic  respiratory  maneuver  known  as  the  isovolume 
maneuver,  requires  subject  cooperation  in  order  to  voluntari- 
ly shift  volumes  between  the  ribcage  and  abdomen  compart- 
ments during  a  period  of  complete  occlusion  of  the  nose  and 
mouth.  Because  such  a  maneuver  would  not  be  feasible  in 
any  pediatric  application  of  RIP,  alternate  approaches  to  the 
calculation  of  amplitude  gains  of  the  ribcage  and  abdomen 
movement  during  spontaneous  breathing  have  been  devel- 
oped. "*■-- 

In  1989.  Sackner  and  associates-''  developed  a  single-po- 
sition calibration  procedure  for  the  respiratory  inductive 
plethysmograph  that  could  be  applied  to  natural  breathing. 


/ 

S- 

o 

1 1 

\ 

AB 

m/s;0 
8=0°       J 

Synchronous 

ni/s:71                 m/s:1                 m/s:71 
9=45°                 8=90°                6=135°   J 

Asynchronous 

m/s:0 

9=iea 

Paradoxic 

Fig.  4.  Tfie  degrees  of  synchrony,  asynchrony,  and  paradox  of 
chest-wall  motion  are  described  by  the  calculation  of  phase  angle 
(O)  of  a  Konno-Mead  loop.  Reprinted  from  Reference  23,  with  per- 
mission. 
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This  allowed  the  device  to  be  used  for  chest-wall  motion 
measurement  in  uncooperative  or  ill  subjects.  TTie  method, 
known  as  qualitative  diagnostic  calibration,  or  QDC,  utilizes 
equations  that  are  analogous  to  equations  used  in  the  isovol- 
ume  maneuver  calibration.  In  the  QDC  method  of  semiquan- 
titative calibration,  a  single-breath  isovolume  maneuver  is 
replaced  by  a  collection  of  many  breaths,  with  the  exclusion 
of  breaths  with  large  deviations  from  the  mean.  This  pro- 
vides an  approximation  for  a  constant  Vj  for  solution  of  an 
equation  requiring  two  major  assumptions:  (1)  the  respirato- 
ry system  moves  solely  with  2  degrees  of  freedom  of  motion, 
and  (2)  statistical  selection  of  breaths  from  a  calibration  peri- 
od of  natural  breathing  can  provide  a  constant  or  near-con- 
stant volume.  At  the  completion  of  the  QDC,  subsequent  res- 
piration allows  Vx  to  be  evaluated  in  relative  terms  and  can 
only  be  made  equivalent  to  absolute  volume  by  comparison 
to  an  external  absolute-volume  measuring  device.  Brooks  et 
al'"  performed  this  second  step  of  validation  of  the  QDC  pro- 
cedure using  integrated  pneumotachography  in  premature  in- 
fants and  showed  a  significant  linear  relationship  between 
pneumotachograph  volume  and  the  ribcage  and  abdomen 
sum  signal  of  the  RIP. 

Le  Souef  et  al"  reported  that  rapid  eye  movement  sleep 
can  increase  chest-wall-motion  distortion.  In  order  to  min- 
imize behavior-state-dependent  effects  on  the  chest  wall, 
we  carefully  monitor  quiet  wakefulness  in  our  infant  sub- 
jects. With  Respitrace  PT,  Vx  amplitudes  of  ribcage-  and 
abdomen-compartment  movements  during  the  calibration 
period  (baseline)  are  constantly  compared  to  Vx  ampli- 
tudes obtained  during  the  data  collection  period  and  a  per- 
cent change  from  baseline  is  calculated. 

Chest-wall  motion  data  may  be  obtained  with  an  uncali- 
brated  RIP  as  presented  by  Allen  et  al.'-  Uncalibrated  RIP 
restricts  the  number  of  parameters  used  to  describe  chest- 
wall  motion.  The  QDC  allows  LBI  to  be  utilized  as  a  glob- 
al index  of  overall  thoracoabdominal  coordination.  Further- 
more, establishment  of  electrical  gains  for  the  ribcage  and 
abdomen  transducers  allows  monitoring  of  ribcage  and  ab- 
domen Vx  amplitudes  as  percent  change  from  baseline 
(amplitudes  obtained  during  the  QDC  of  natural  breath- 
ing). Parameters  that  are  important  to  the  assessment  of 
chest-wall  motion  in  infants  are  obtainable  without  the  re- 
quirement of  validation  with  an  external  absolute-volume 
measuring  device.  If  absolute  volumes  or  flow  data  are  de- 
sired, then  validation  with  absolute  volume  is  necessary. 

Parameters  of  Chest-Wall  Motion 

Phase  Angle 

The  RC  movements  are  plotted  as  y  and  the  AB  move- 
ments are  plotted  as  x  coordinates  as  described  by  Konno 
and  Mead.'-  Phase  angle  is  calculated  by  the  principles 


employed  by  Agostoni  and  Mognoni,  and  the  analysis  of 
phase  shifts  of  sinusoid  electrical  waves  is  calculated  ac- 
cording to  the  equation: 

sin  0  =  mJs. 

where  0  is  the  phase  angle,  m  is  a  line  parallel  to  the  X- 
axis  of  the  RC-AB  plot  set  one  half  the  distance  between 
the  maximal  RC  perpendicular  intercept  and  the  origin, 
and  s  is  the  length  of  a  line  obtained  from  the  maximal  AB 
perpendicular  intercept  minus  the  origin." 

The  figures  that  are  formed  are  commonly  called  Konno- 
Mead  loops.  Synchronous  RC/AB  motion  =  0°  phase 
angle;  paradoxic  motion  =  180°   phase  angle  (Fig.  4). 

The  most  frequent  observation  of  a  counterclockwise  ro- 
tation of  the  Konno-Mead  loops  indicates  that  outward  mo- 
tion of  the  abdomen  precedes  that  of  the  ribcage.  The  2-com- 
partment  model  of  the  respiratory  system  (ribcage  and  ab- 
domen) may  help  in  explaining  our  observations  in  the  infant 
populations.  As  the  diaphragm  descends,  increasing  intra-ab- 
dominal pressure  and  decreasing  pleural  pressure  during  in- 
spiration, the  lower  ribs  are  lifted  and  expanded.  Inward 
ribcage  motion  is  normally  prevented  during  inspiration  by 
the  inspiratory  action  of  the  intercostal  muscles  on  the 
ribcage  and  the  diaphragm  muscle  fibers  that  run  in  a  caudo- 
cephalad  direction. ^■'  However,  it  is  unknown  whether  this 
model  applies  to  preterm  infants.  Studies  are  underway  to 
characterize  this  population. 


Su'n=VT=(AtB)+(C+D) 
MCA={A+B)+(C+D) 
MCA/VT=LBI 
LBI=1.00 


Sum-VT^(PtQ)t(R<S) 
MCA=iPtQ)+(R+S') 
MCA/VT=LBI 
LBI=2,10 


Fig.  5.  Phasic  relationships  between  ribcage  and  abdomen  excur- 
sions, when  trough-to-peak  amplitudes  (A  to  B  and  C  to  D)  are  in 
phase  (synchrony),  the  labored  breathing  index  (LBI)  approximates 
unity.  When  trough-to-peak  amplitudes  are  out  of  phase  (asyn- 
chrony)  as  with  P  to  Q  and  Q  to  S',  then  LBI  exceeds  1 .00.  MCA  = 
mean  compartmental  amplitude  and  Vj  =  tidal  volume. 


Labored  Breathing  Index 

LBI  is  the  global  index  of  thoracoabdominal  coordina- 
tion and  incoordination  that  takes  into  account  both  phase 
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relation  and  relative  volumes  of  RC  and  AB.-'*  LBI  has  its 
basis  in  the  efficiency  ratio  computed  for  electrical  power 
transmission.  That  is,  it  reflects  the  amount  of  power  at  the 
source  (RC  +  AB)  versus  the  amount  delivered  (Vx). 
Perfect  thoracoabdominal  coordination  produces  an  LBI 
valueof  I.O-'MFig.  5). 

Percent  Ribcage  Contribution  to  Tidal  Volume 


Tidal  Flow- Volume  Loops 

The  EDP  software  program  derives  flow  from  time  sig- 
nals (y-axis)  and  Vx  (x-axis)  to  create  breath-by-breath 
flow-volume  loops  for  pattern  analysis.  Flow-volume  loop 
patterns  are  seen  in  Figure  6.  Figure  7  displays  a  flow-vol- 
ume loop  from  an  infant  subject. 


9f  RC  is  calculated  by  dividing  ribcage  amplitude  by  the 
algebraic  sum  of  ribcage  amplitude  and  abdomen  ampli- 
tude. With  severe  thoracoabdominal  discoordination,  val- 
ues can  exceed  100%  or  be  less  than  0%.  The  latter  can 
occur  due  to  inward  motion  of  the  ribcage  during  inspira- 
tion as  in  active  sleep  or  rapid  eye  movement  sleep,  upper- 
airway  obstruction,  and  intercostal  muscle  paralysis  or  fa- 
tigue. Values  of  %RC  above  100%  suggest  diaphragmatic 
paralysis,  dysfunction,  or  fatigue  because  for  %RC  to  ex- 
ceed 100%  AB  deflections  must  be  negative  and  RC  de- 
flections must  be  positive  (inward  movement  of  AB  as  RC 
moves  outward  during  inspiration). 


U- 'Y    Normal 


Obstructive  or  small  airways 
diseases,  such  as  BPD  or 
bronchiolitis 


Crying 

Central  intrathoracic  obstruction, 
nasal  obstruclon,  or  laryngeal 
breaking 

Grunt 


\       Cardiac  failure,  RDS,  or 
meconium  aspiration 


E  I  r^"\      Extrathoracic  obstruction  such  as 
I       IjvsaJ     croup  or  tracheopharyngeal  masses 


Fixed  upper  airway  obstruction,  severe 
E  l-^^3     tracheal  malacia,  tracheal  stenosis, 
'    I  undersized,  plugged  or  kinked 

endotracheal  tube 


Fig.  6.  Specific  patterns  of  tidal  flow-volume  loops  can  describe  a 
specific  physical  event  or  condition. 


Fig.  7.  This  tidal  flow-volume  loop  on  an  infant  subject  depicts  a 
normal  pattern.  The  y-axis  is  flow.  The  x-axis  is  volume. 


Clinical  Application  of  RIP 

Research  on  chest-wall  motion,  piirticularly  in  the  preterm 
and  term  newborn  infant,  has  lagged  far  behind  the  more  com- 
mon assessment  of  volume  and  flow  parameters.''^  In  addition, 
basic  characteristics  of  tidal  breathing  patterns  in  infants  in 
both  health  and  disease  remain  incompletely  defined."' 

The  major  emphasis  of  research  in  infant  pulmonary 
function  testing  has  centered  on  measures  of  ( I )  forced  ex- 
piratory flow,  (2)  compliance  and  resistance,  and  (3)  lung 
volume.  All  require  airway  attachment  and  most  require 
sedation,  both  of  which  are  known  to  alter  the  normal 
breathing  patterns.  The  measurement  of  chest-wall  motion 
does  not  provide  for  a  direct  conelation  with  the  parame- 
ters measured  by  these  other  devices. 

Natural  tidal  breathing  is  sensitive  to  sedation,  behav- 
ioral states,  time  of  day,  and  feedings."  Techniques  of 
measurement  commonly  result  in  orofacial  stimulation  and 
increased  dead  space  that  can  alter  physiology.-''  -'  The  ap- 
plication of  the  respiratory  inductive  plethysmograph 
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avoids  both  of  those  influences  on  breathing  and  thus 
should  increase  measurement  validity.  Areas  of  study  can 
include  specific  ribcage  and  abdomen  movement,  normal 
physiology  of  the  chest  wall,  and  alterations  in  ribcage  and 
abdomen  movement  with  such  disease  states  as  neuromus- 
cular disease,  thoracic  cage  abnormalities,  and  obstructive 
lung  diseases  including  asthma,  cystic  fibrosis,  and  bron- 
chopulmonary dysplasia. 

Correlation  studies  with  RIP  and  the  more  invasive 
techniques  used  to  measure  chest-wall  and  lung  compli- 
ance are  also  needed  to  determine  the  potential  for  substi- 
tution with  the  less  invasive  procedures.'*  In  this  way,  de- 
vices such  as  RIP  can  become  important  for  both  epidemi- 
ologic surveys  and  longitudinal  studies.  Long-term  studies 
are  necessary  to  understand  the  changes  in  the  pulmonary 
function  parameters  that  occur  with  age,  length,  and 
weight  changes,  especially  in  the  rapidly  growing  infant 
and  child.'**  Specific  areas  that  would  seem  to  lend  to  in- 
vestigation include  ( 1 )  use  of  the  RIP  device  to  produce  ac- 
curate tidal  flow-volume  curves  without  face  mask  attach- 
ment; (2)  chest-wall  motion  studied  by  RIP  compared  to 
maximal  inspiratory  and  expiratory  pressure;  and  (3)  cor- 
relation of  RIP  data  to  lung  function  measurements  such  as 
partial  expiratory  flow-volume  curves." 

Respitrace  PT  represents  one  of  the  newest  generations 
of  the  respiratory  inductive  plethysmograph.  With  applica- 
tion of  the  QDC  technique,  it  can  provide  clinically  accept- 
able measurements  of  chest-wall  motion  in  nonsedated  in- 
fants without  the  need  for  airway  connection. 
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Cardiac  and  Pulmonary  Management. 

by  M  Gabriel  Khan  MB  BCh  MD.  Paul  L 
Marino  MD  PhD.  Susan  Pingleton  MD. 
and  Sanjeev  Saksena  MD;  edited  by  R 
Kenneth  Bussy.  Denise  Wilson,  and  Tanya 
Lazar.  Hardcover.  977  pages,  illustrated. 
Philadelphia  and  London:  Lea  &  Febiger. 
1993.  $49.50. 

The  author  of  this  book,  an  Associate 
Professor  and  cardiologist  at  the  University 
of  Ottawa  and  Ottawa  General  Hospital  in 
Canada,  states  in  the  preface  that  the  car- 
diac and  pulmonary  systems  are  so  interre- 
lated that  addressing  them  together  pro- 
vides the  caregiver  a  complete  picture  of 
the  patient.  He  believes  that  a  good  cardiol- 
ogist must  have  an  adequate  working 
knowledge  of  pulmonary  medicine  and  that 
a  good  pulmonary  physician  must  have  an 
equally  strong  background  in  cardiac 
medicine.  This  book  is  designed  to  provide 
cardiologists,  internists,  and  general  physi- 
cians— those  providing  care  to  cardiopul- 
monary patients — with  a  means  of  rapidly 
retrieving  information.  Dr  Kahn  also  hoped 
that  this  book  would  find  a  place  on  nursing 
stations  where  it  would  serve  as  a  quick  ref- 
erence for  all  ancillary  health-care 
providers  and  housestaff. 

Dr  Kahn  has  personally  written  each  sec- 
tion of  the  cardiac  portion  of  the  book,  ex- 
cept for  one.  He  selected  experts  in  pul- 
monary medicine  and  infectious  disease  to 
address  the  pulmonary  portions  of  the  book. 

Cardiac  and  Pulmonary  Management  is 
divided  into  two  well-defined  parts — Part 
I:  Cardiovascular  System  and  Part  II: 
Respiratory  System.  The  cardiovascular 
section  is  divided  into  19  chapters  that  in- 
clude thorough  discussions  of  hyperten- 
sion, syncope,  valvular  diseases,  cardiac  ar- 
rhythmias and  pacing,  heart  failure,  and 
other  important  cardiac  disease  entities. 
The  respiratory  section  is  divided  into  12 
chapters  that  thoroughly  discuss  asthma, 
lung  cancers,  bacterial  and  fungal  pneumo- 
nias, obstructive  and  restrictive  lung  dis- 
eases, and  other  pertinent  topics. 

Ancillary  health-care  providers  will 
find  this  book  to  be  user  friendly,  as  will 
physicians.  Each  chapter  is  followed  by  an 
extensive  suggested  reading  list  for  those 
who  desire  to  investigate  any  topic  further. 
As  a  respiratory  therapist.  I  find  this  book 


helpful  as  a  valuable  reference  in  the  inten- 
sive care  units,  as  well  as  on  the  wards. 
Certain  sections  of  the  book  lend  them- 
.selves  well  to  dealing  with  less  acutely  ill 
patients,  yet  most  of  the  book  does  concen- 
trate on  life-threatening  disorders.  Under- 
lying etiologies  and  prevention  strategies 
for  many  cardiac  and  pulmonary  condi- 
tions are  well  discussed.  The  basic  outlines 
of  cardiac  and  pulmonary  problems  that 
may  or  inay  not  be  dealt  with  frequently  are 
discussed  in  formats  that  should  meet  each 
learner's  needs.  The  physiology  of  the  con- 
dition is  covered,  followed  by  cunent  ther- 
apies widely  used. 

The  pharmacologic  profiles  provide 
thorough  coverage  of  each  drug  men- 
tioned— certainly  a  strength  of  this  book. 
Many  tables  appear  throughout  that  outline 
widely  recognized  drug  therapies  for  all 
conditions  and  include  drug  dosages, 
schedules  of  therapeutic  intei-ventions.  and 
complications.  The  infomiation  on  the  drug 
tables  seems  to  be,  for  the  most  part,  up  to 
date  and  accurate.  However,  the  reader 
must  remember  that  the  drug  sections  of 
any  text  will  become  unavoidably  dated 
rather  quickly  as  new  research  is  published 
every  month. 

The  cardiac  section  of  the  book  in- 
cludes many  reproductions  of  ECG  strips. 
Often.  ECG  strips  do  not  reprint  clearly  and 
are  of  little  use  to  the  reader.  All  the  strips 
in  this  book  are  well  reproduced  and  are, 
therefore,  easy  to  see.  The  ECG  strips, 
along  with  the  accompanying  text,  prove  to 
be  a  helpful  teaching  technique. 

This  is  not  the  sort  of  book  that  one 
reads  from  cover  to  cover.  However,  it  is  a 
valuable  reference  that  health-care  pro- 
viders will  undoubtedly  refer  to  on  many 
occasions. 

This  text  does  not  address  the  needs  of 
pediatric  patients  in  any  formal  way. 
Although  my  clinical  experience  is  with  pe- 
diatric patients  and  my  need  for  information 
is  thus  directed.  I  believe  that  this  book 
would  be  an  asset  in  my  reference  libraiy  be- 
cause much  of  the  infomiation  is  applicable 
to  pediatrics.  The  chapter  discussing  bacteri- 
al pneumonia,  for  example,  contains  infor- 
mation that  is  important  for  health-care 
providers  caring  for  all  patient  populations. 
This  chapter  provides  a  complete  discussion 
about  common  and  not-so-common  causes 


of  bacterial  pneumonia,  and  includes  symp- 
toms, differential  diagnosis,  and  preferred 
therapy  regimens.  The  author  discusses  an- 
tibiotics thoroughly  and  in  an  easy-to-read 
and  easy-to-follow  format.  Most  of  the 
chapters  throughout  the  book  follow  that 
format — symptoms,  differential  diagnosis, 
and  recognized  therapy  regimens. 

The  chapter  devoted  to  acid-base  disor- 
ders is  a  valuable  reference  and  review  for 
any  intensive  care  respiratory  therapist  or 
nurse.  The  advanced  respiratory  therapy 
student  or  nursing  student  could  also  bene- 
fit from  the  concise  presentation  of  this 
sometimes  confusing  and  intimidating  sub- 
ject matter. 

The  chapter  entitled  "Mechanical  Vent- 
ilation: Principles  and  Management" 
should  certainly  be  nothing  more  than  a 
good  review  for  any  intensive  care  respira- 
tory therapist.  This  chapter  would  be  most 
helpful  for  clinicians  who  are  not  familiar 
with  basic  principles  of  mechanical  ventila- 
tion. I  found  the  section  on  "Methods  of 
Weaning."  to  be  lacking  in  up-to-date  in- 
formation regarding  the  different  modes  of 
ventilation  now  available  to  aid  in  weaning. 
This  section  only  compares  T-tube  versus 
IMV  methods  of  weaning  patients  from  the 
ventilator,  with  no  mention  of  pressure- 
support  ventilation.  Although  little  evi- 
dence on  its  efficacy  exists,  pressure  sup- 
port is  certainly  widely  used. 

Overall.  I  found  this  book  to  be  enlight- 
ening. Many  of  the  topics  were  ones  that  I 
have  meant  to  become  more  familiar  with 
through  the  years.  I  found  myself  reading 
more  than  I  'had  to  know."  on  any  given 
topic,  as  the  presentation  of  the  information 
kept  me  reading  and  learning.  This  text 
provides  a  concise  reference  for  one  to  re- 
view and  become  familiar  with  the  various 
disease  entities  and  therapeutic  regimens. 
With  a  small  investment  of  time,  a  great 
deal  of  information  can  be  gained  from  this 
book.  I  highly  recommend  it  to  anyone 
who  needs  information  on  cardiopul- 
monary topics  presented  in  a  highly  orga- 
nized and  easy-to-read  fonnat. 

Shirley  Holt  RRT 

Clinical  Instructor 

Respiratory  Care  Services 

Arkansas  Children's  Hospital 

Little  Rock,  Arkansas 
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Pulmonary  Rehabilitation:  Guidelines 

to  Success,  2nd  edition,  edited  by  John  E 
Hodgkin  MD.  Gerilynn  L  Conners  BS 
RCP  RRT,  and  C  William  Bell  PhD  MBA. 
with  51  contributors.  Hardcover,  618 
pages,  illustrated.  Philadelphia:  JB  Lippin- 
cottCo.  1993.  $45.00. 

The  second  edition  of  Pulmonary 
Rehabilitation:  Guidelines  to  Success  is 

devoted  to  providing  guidelines  for  pul- 
monary rehabilitation  and  describing  key 
components  needed  to  build  a  successful 
rehabilitation  program.  This  new  edition 
reflects  the  changes  and  advances  made  in 
the  field  since  the  first  edition  was  pub- 
lished 10  years  ago.  All  of  the  chapters 
from  the  first  edition  have  been  revised  and 
updated.  The  new  chapters  examine  the 
history  of  pulmonary  rehabilitation,  bio- 
feedback, respiratory  muscle  training,  reha- 
bilitation of  the  pediatric  patient,  laughter 
as  therapy,  dyspnea,  and  respiratory  physi- 
ology. In  today's  ever  changing  health-care 
arena,  the  added  chapters  provide  insight 
into  this  evolving  medical  field. 

The  opening  chapters  supply  a  tradition- 
al and  informative  initiation  to  pulmonary 
rehabilitation  for  the  reader.  The  American 
Thoracic  Society  Position  Statement  on 
Pulmonary  Rehabilitation  equips  the  reader 
with  a  knowledgeba.se  and  a  historical  per- 
spective. The  ATS  Statement  allows  the 
reader  to  understand  the  broad  range  of 
health-care  professionals  required  for  a  suc- 
cessful program,  and  the  basic  elements  of  a 
successful  program  are  presented  in  a  sim- 
ple and  easy-to-read  fashion. 

Chapter  4  is  extremely  well  written  and 
represents  one  of  the  highlights  of  the 


book.  I  found  the  last  two  sentences  of  the 
chapter  to  be  insightful.  "Assessment  is  the 
key  to  prevention  and  early  detection  of 
lung  disease.  Now  is  the  time  for  pul- 
monary rehabilitation  specialists  to  lead  the 
way  to  better  lung  health."  These  are  mov- 
ing statements  for  interested  pulmonary 
specialists. 

Chapters  5  and  6  are  important  chapters 
for  respiratory  care  practitioners  who  func- 
tion in  any  aspect  of  patient  care.  The  infor- 
mation can  help  the  reader  gain  an  appreci- 
ation for  the  role  and  potential  impact  of 
patient  and  family  education  in  the  im- 
provement of  patient  outcomes.  The  impor- 
tance of  patient  adherence  is  also  empha- 
sized. 

Topics  in  the  next  several  chapters  in- 
clude smoking-intervention  techniques, 
pharmacology,  aerosol  therapy,  oxygen 
therapy,  chest  physical  therapy,  exercise 
training,  nutrition,  sexuality,  life  manage- 
ment skills,  psychosocial  aspects,  and  eval- 
uation of  respiratory  impairment.  These 
sections  furnish  pertinent,  fundamental  in- 
formation. 

The  chapters  "The  Role  of  Home  Care" 
and  "The  Care  of  Ventilator-Assisted  Indi- 
vidual in  the  Home"  are  useful.  With  the  ex- 
panding utilization  of  the  home  setting  in 
health  care,  there  is  an  increasing  need  for 
structured  guidelines.  The  co-authors  of 
these  chapters  are  Patrick  Dunne  and  Barry 
Make,  both  of  whom  have  made  important 
contributions  to  the  advancement  of  respira- 
tory care  in  the  home  setting. 

A  new  chapter.  Chapter  27.  discusses 
rehabilitation  for  the  pediatric  patient  with 
pulmonary  disease.  As  a  pediatric  practi- 
tioner. I  was  excited  to  see  that  the  book 


didn't  exclude  the  pediatric  population. 
Much  has  been  written  concerning  adult  re- 
habilitation, but  the  special  considerations 
of  the  pediatric  population  need  to  be  ad- 
dressed. This  is  a  welcome  addition  to  the 
book;  however,  a  more  comprehensive  dis- 
cussion would  have  been  helpful.  The  pop- 
ulation of  pediatric  pulmonary  patients  is 
increasing  and  includes  those  with  asthma, 
bronchopulmonary  dysplasia,  cystic  fibro- 
sis, and  neuromuscular  disorders.  Also, 
pulmonary  anomalies  resulting  from  birth 
defects,  such  as  diaphragmatic  hernia,  and 
hemidiaphragm  paralysis  can  now  be  sur- 
gically conrected.  These  newborns  do  re- 
quire pulmonary  rehabilitation. 

The  final  chapters  are  dedicated  to  mar- 
keting, cost-effectiveness,  and  reimburse- 
ment issues.  Reimbursement  remains  one 
of  the  major  impediments  to  the  develop- 
ment of  pulmonary-rehabilitation  pro- 
grams. Remuneration  strategies  are  out- 
lined in  the  chapter  on  reimbursement.  The 
closing  chapter  discus,ses  the  benefits  and 
the  future  of  pulmonary  rehabilitation. 

In  summary.  Pulmonary  Rehabili- 
tation: Guidelines  to  Success  contains 
something  for  everyone  involved  in  the  im- 
plementation of  pulmonary  rehabilitation. 
The  editors  have  maintained  consistency  in 
form  and  style,  which  is  admirable  consid- 
ering there  were  51  contributors.  The  book 
represents  a  solid  contribution  to  a  growing 
discipline  in  health  care  today. 


Debra  Greene  RRT 

Respiratory  Care  Coordinator 

Respiratory  Care  Services 

Arkansas  Children's  Hospital 

Little  Rock.  Arkansas 
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Letters 


Some  RCPs  Jeopardize  Their 
Careers  and  Our  Future 

In  response  to  the  letter  by  Judy 
Tiertsort,'  published  in  the  October  issue  of 
Respiratory  Care  "The  Potential  Misal- 
location  of  Respiratory  Care  Services  Re- 
visited," I  make  these  observations. 

Many  hospitals  throughout  the  country 
have  been  actively  involved  in  providing 
respiratory  care  services  to  residents  of 
skilled  nursing  facilities  (SNFs).  Medicare 
regulators  initially  offered  reiinbursement 
in  October  1982.  A  summary  of  reim- 
bursement guidelines  may  be  found  in 
HCFA's  Health  Insurance  Manual.-  At 
that  time.  Medicare  accorded  the  respira- 
tory care  profession  enough  credibility  to 
offer  monetary  reimbursement  for  "resi- 
dent-specific time  on  premises"  spent  by  a 
practitioner  providing  a  medically  appro- 
priate skilled  rehabilitation  service  to  Part 
A  SNF  residents.  This  program  recently 
has  been  threatened  by  respiratory  care 
practitioners  (RCPs)  who  think  little  of 
their  career  and  the  future  of  respiratory 
care  in  the  SNF  arena.  I  believe  that  some 
RCPs  are  guilty  of  Medicare  fraud  by  fail- 
ing to  adhere  strictly  to  published  Medicare 
Guidelines.-  The  SNF,  assuming  compli- 
ance by  their  provider,  files  cost  reports 
with  its  fiscal  intermediary  and  that  inter- 
mediary ultimately  approves  disburse- 
ment of  Medicare  funds  from  tax  dollars. 
The  RCP  who  fraudulently  misrepresents 
service  units  and  labor  hours  is  commit- 
ting a  crime  that  not  only  jeopardizes  his 
or  her  current  license  to  practice  respirato- 


ry care  and  subjects  the  RCP  to  possible 
criminal  prosecution,  but  also  places  the 
SNF  respiratory  care  reimbursement  pro- 
gram under  scrutiny  for  potential  elimina- 
tion. 

Every  day  there  is  news  of  proposed 
changes  in  health-care  legislation  that  in 
some  way  may  affect  all  of  us  working  in 
the  health-care  industry.  The  potential  im- 
pact of  reform  is  troubling  enough,  but 
when  providers  and  practitioners  purposely 
and  willfully  ignore  Medicare  reimburse- 
ment guidelines,  not  only  does  it  place  fi- 
nancial risk  on  the  SNFs  and  hospitals,  but 
it  also  jeopardizes  the  continuation  of  this 
ancillary  Medicare  program  for  all  of  us 
who  are  making  every  effort  to  follow  pub- 
lished standards. 

Due  to  questionable  practices  in  some 
SNF  programs,  several  fiscal  intermedi- 
aries have  placed  all  SNF  respiratory  pro- 
grams at  100%  chart  review.  As  a  member 
of  the  management  team  of  a  company 
providing  respiratory  care  services  through 
associated  hospitals,  to  SNFs  throughout 
the  company,  I  find  it  frustrating  to  be 
asked  to  defend  the  programs  that  we 
manage.  We  have  been  challenged  fre- 
quently and  are  proud  to  report  that  our 
programs  have  witnessed  no  denials  due 
to  inappropriate  documentation  or  utiliza- 
tion. We  invite  all  SNF  managers  who 
may  be  "shopping'  for  a  supplier  of  respi- 
ratory care  services  or  who  are  consider- 
ing managing  a  respiratory  care  services 
program  themselves  to  require  assurances 
that  the  implemented  program  will  adhere 
strictly  to  Medicare  Guidelines. 


I  speak  for  myself — but  I  believe  that  I 
speak  for  other  concerned  pulmonary  reha- 
bilitation practitioners  as  well — when  I  en- 
courage you  to  routinely  monitor  your  pro- 
gram for  compliance  with  Guidelines  if 
you  are  actively  involved  in  respiratory 
care  services  in  a  SNF.  Possibly  consider 
having  your  program  audited  by  an  objec- 
tive outside  source.  For  those  who  are  in- 
tentionally taking  advantage  of  Medicare 
reimbursement  outside  of  specified  guide- 
lines in  an  attempt  to  capitalize  on  profits, 
please  consider  withdrawing  from  the  long- 
term  care  industry.  The  primary  intent  of 
the  Medicare  respiratory  SNF  program  is  to 
treat  the  acute  pulmonary  patient  in  the 
most  cost-effective  manner.  Taxpayers 
should  not  be  burdened  with  programs  that 
envision  Medicare  reimbursement  as  an 
opportunity  for  quick  profit — with  no 
thought  for  quality  of  care  or  patient  well- 
being.  Such  an  attitude  has  a  negative  im- 
pact on  all  of  us  who  regard  respiratory 
care  as  a  career  with  a  future. 

Greg  T  Wiedeman  RRT 

Regional  Manager 

Healthcare  Respiratory  Therapy  Inc 

Tustin,  California 
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Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  Uke  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue, 
February  I  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 1030  Abies 
Lane.  Dallas  TX  7.S22')-459.V 


ARCF  FELLOWSHIPS,  GRANTS,  LITERARY  AWARDS,  RECOGNITION  AWARDS,  AND  SCHOLARSHIPS 

For  additional  information.  wrile^ARCF.  Allenlion:  Joy  Rea.  1 1030  Abies  Lane.  Dallas  TX  75229  or  Call  Joy  at  214-243-2272. 


Fellowships 


Allen  &  Hanburys  Fellowship  for 
Asthina  Program  Development 


Lifecare  Fellowship  in  Mechanical  Ventilation 


Monaghan/Tmdell  Fellowship  for 
Aerosol  Technique  Development 


Respironics  Fellowship  in  Noninvasive 
Respiratory  Care 


$3,500  plus  travel  expenses 

$1,000  plus  travel  expenses 
$1,000  plus  travel  expenses 

$  1 .000  plus  travel  expenses 


Literary  Awards 

Radiometer  Awards  for  Best  Feature  Articles  $  1 ,000 

Sponsored  by  Radiometer  America 
(Divided  equally  among  three  winners) 

Best  Papers  by  1 994  OPEN  FORUM  Participants       $  1 .000 
Who  Have  Never  Published  as  First  Author 
Sponsored  by  Allen  &  Hanburys 
(Two  winners  -  $500  each) 


Best  Papers  on  OPEN  FORUM  Presentation 
Sponsored  by  Allen  &  Hanburys 
(Two  winners  -  $1,000  each) 


$2,000 


Best  Paper  Published  in  RESPIRATORY  CARE  $2,000 

Sponsored  by  Allen  &  Hanburys 

Dr  Allen  DeVilbiss  Technology  Paper  Award  $2,000  plus  travel  expenses 


Recognition  Awards 


Dr  Charles  H  Hudson  Award  for 
Cardiopulmonary  Public  Healdi 

Invacare  Award  for  Excellence  in  Home 
Respiratory  Care 

Fortest  M  Bird  Achievement  Award 


Scholarships 


ARCF  Scholarship 

Sponsored  by  Aequitron 


$500  plus  travel  expenses 
$500  plus  ffavel  expenses 
$2,000  plus  travel  expenses 

$1,250 


Morton  B  Duggan  Jr  Scholarship  $   500 

Jimmy  A  Young  Scholarship  $1,000 

William  F  Miller  MD  Postgraduate  Scholarship       $1,000 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1995  Examination  and  Fee  Schedule 

Examination 

Application 

Examination 

Application 

Date 

Deadline 

Date 

Deadline 

CRTT:           March  11.  1995 

January  1,  1995 

CPFT:           June  3,  1995 

April  1.  1995 

July  15,  1995 

May  1,  1995 

November  11.  1995 

September  1.  1995 

RPFT:           December  2.  1995 

September  1.  1995 

RRT:             June  3,  1995 

February  1,  1995 

Peri/Ped:       March  11,  1995 

November  1.  1994 

December  2,  1995 

August  1,  1995 

Fee  Schedule 

CRTT 

Active 

Inactive 

— new  applicant: 

$  90.00 

CRTT  Recrcdcntialing: 

$25.00 

$  60.00 

— reapplicant: 

$  60.00 

RRT  Recrcdcntialing: 

RRT  Written  and  Clinical  Simulation 

Written  Registry  Examination 

$2.'i.00 

$  60.00 

—  new  applicant: 
— reapplicant: 

$190.00 
$160.00 

Clinical  Simulation  Examination 

$65.00 

$100.00 

Written  Registry  Only 

CPFT  Recredentialing: 

$25.00 

$  80.00 

— new  applicant: 

$  90.00 

RPFT  Recredentialing: 

$25.00 

si.moo 

— reapplicant: 

$  60.00 

P/P  Specialty  Crcdcntialing: 

$25.00 

$i.moo 

Clinical  Simulation  Only— new  &  reapplicant:                       $100.00 

Membership  Renewal: 

CPFT 

CRTT/RRT/CPFT/RPFT 

$   12.00 

— new  applicant: 

$100.00 

— reapplicant: 
RPFT 

— new  applicant: 

$  80.00 

Credential  Verification 

$  2.00 

$   15.00 

$I5{),()0 

Replacement  Certificate 

$  6.00 

$  25.00 

— reapplicant: 

$I.1().()0 

Copy  of  NBRC  Directory:  1994 

Perinalal/Pcdiatric  .Specialty 

Active  Credentialed  Practitioners 

N/C 

$  25.00 

—new  applicant: 

SI.SO.OO 

Copy  of  NBRC  1994  Listing  of  AM 

• — reapplicant: 

$I.W,()() 

Credentialed  Practitioners 

$10,00 

$  25.00 

8310  Neiman  Road  •  Lenexa 

Kansas  66214  •  (913)  599-4200 
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1995  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  invit- 
ed to  present  papers  at  the  OPEN  FORUM  during  the  AARC 
Annual  Meeting  in  Orlando.  Florida,  December  2-5.  1995. 
Accepted  abstracts  will  be  published  in  the  November  1995 
issue  of  Respiratory  Care.  Membership  in  the  AARC  is 
not  necessary  for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  ( 1 )  an  original  study,  (2)  the  evalua- 
tion of  a  metliod  or  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing 
care/rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  health-care  delivery.  The  abstract  may  have 
been  presented  previously  at  a  local  or  regional — but  not  na- 
tional— meeting  and  should  not  have  been  published  previ- 
ously in  a  national  journal.  The  abstract  will  be  the  only  evi- 
dence by  which  the  reviewers  can  decide  whether  the  author 
should  be  invited  to  present  a  paper  at  the  OPEN  FORUM. 
Therefore,  the  abstract  must  provide  all  imponant  data,  find- 
ings, and  conclusions.  Give  specific  information.  Do  not 
write  such  general  statements  as  "Results  will  be  presented" 
or  "Significance  will  be  discussed." 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  First  line  of  abstract 
should  be  the  title  in  all  capital  letters.  Title  should  explain 
content.  Follow  title  with  names  of  all  authors  (including  cre- 
dentials), institutions(s),  and  location.  Underline  presenter's 
name.  Type  or  electronically  print  the  abstract  single  spaced 
in  the  space  provided  on  the  abstract  blank.  Insert  only  one 
letter  space  between  sentences.  Text  submission  on  diskette  is 
encouraged  but  must  be  accompanied  by  a  hard  copy. 
Identifiers  will  be  masked  (blinded)  for  review.  Make  the  ab- 
stract all  one  paragraph.  Data  may  be  submitted  in  table  form 
and  simple  figures  may  be  included  provided  they  fit  within 
the  space  allotted.  No  figures,  illustrations,  or  tables  are  to  be 
attached  to  the  abstract  form.  Provide  all  author  information 
requested  at  the  bottom  of  abstract  form.  A  clear  photocopy  of 
the  abstract  may  be  used.  Standard  abbreviations  may  be  em- 
ployed without  explanation.  A  new  or  infrequently  used  ab- 
breviation should  be  preceded  by  the  spelled-out  tenn  the  first 
time  it  is  used.  Any  recurring  phrase  or  expression  my  be  ab- 
breviated if  it  is  first  explained.  Check  the  abstract  for  ( 1 )  er- 
rors in  spelling,  grammar,  facts,  and  figures;  (2)  clarity  of  lan- 
guage; and  (3)  confonnance  to  these  specifications.  An  ab- 
stract not  prepared  as  requested  may  not  be  reviewed. 
Questions  about  abstract  preparation  may  be  telephoned  to 
the  editorial  staff  of  RESPIRATORY  Care  at  (214)  243-2272. 


Essentia]  Content  Elements 


Deadline  Allowing  Revision 


An  original  study  abstract  must  include  ( 1 )  Introduction: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suffi- 
cient detail  to  permit  judgment  of  validity;  (3)  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statisti- 
cal analysis;  (4)  Conclusions:  interpretation  of  the  meaning 
of  the  results.  A  methodydevice  evaluation  abstract  must 
include  ( 1 )  Introduction:  identification  of  the  method  or  de- 
vice and  its  intended  function;  (2)  Method:  description  of 
the  evaluation  in  sufficient  detail  to  permit  judgment  of  its 
objectivity  and  validity;  (3)  Results:  findings  of  the  evalua- 
tion; (4)  Experience:  summary  of  the  author's  practical  ex- 
perience or  a  lack  of  experience;  (5)  Conclusions:  interpre- 
tation of  the  evaluation  and  experience.  Cost  comparisons 
should  be  included  where  possible  and  appropriate.  A  case 
report  abstract  must  report  a  case  that  is  uncommon  or  of 
exceptional  teaching/learning  value  and  must  include  ( 1)  pa- 
tient data  and  case  summary  and  (2)  significance  of  case. 
Content  should  reflect  results  of  literature  review.  The  au- 
thors) should  have  been  actively  involved  in  the  case  and  a 
case-managing  physician  must  be  a  co-author  or  must  ap- 
prove the  report. 


Authors  may  choose  to  submit  abstracts  early.  Abstracts  re- 
ceived by  March  1 5  will  be  reviewed  and  the  authors  notified 
by  April  22.  Rejected  abstracts  will  be  accompanied  by  a 
written  critique  that  should  in  many  cases  enable  authors  to 
revise  their  abstracts  and  resubmit  them  by  the  final  deadline 
(May  27). 

Final  Deadline 

The  mandatory  Final  Deadline  is  May  27  (postmark). 
Authors  will  be  notified  of  acceptance  or  rejection  by  letter 
only — to  be  mailed  by  August  15. 

Mailing  Instructions 

Mail  (Do  not  fax!)  2  clear  copies  of  the  completed  abstract 
fonn  and  a  stamped,  self-addressed  postcard  (for  notice  of 
receipt)  to: 

Respiratory  Care  Open  Forum 

11030  Abies  Lane 

DaUas,  TX  75229-4593 
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1995  Respiratory  Care  Open  Forum 

Abstract  Form 


13.9  cm  or  5.5" 


1 .  Title  must  be  in  ail  upper 
case  (capital)  letters, 
authors"  full  names  and 
text  in  upper  and  lower 
case. 

2.  Follow  tide  with  all 
authors"  names  including 
credentials  (underline 
presenter"  s  name),  institu- 
tion, and  location. 

3.  Do  not  justify  (ie,  do 
leave  'ragged"  right 
margin). 

4.  Do  not  use  type  size  less 
than  10  points.  (See 
reduction  samples 
below. ) 

5.  All  text,  tables,  and 
figures  must  fit  into  the 
rectangle  shown. 

6.  Submit  2  clean  copies. 
This  form  may  be  photo- 
copied if  multiple 
abstracts  are  to  be 
submitted. 


Mail  original  & 

1  photocopy 

(along  with  postage-paid 

postcard)  to 

Respiratory  Care 
Open  Forum 

11030  Abies  Lane 
Dallas  TX  75229-4593 


Early  deadline  is 

March  15.  1995 

(abstract  received) 

Final  deadline  is 

May  27.  1995 

(abstract  postmarked) 


Presenter's  Name  &  Credentials 


Presenter's  Mailing  Address 


Presenter's  Voice  Phone  &  Fax 


Corresponding  Author's  Name  &  Credentials 


Corresponding  Author's  Mailing  Address 


Corresponding  Author's  Voice  Phone  &  Fax 


This  is  14-point  type,  with 
necessary  reduction. 

This  is  12-poinl  type,  with 
necessary  reduction. 

This  IS  10-poinl  type, 
With  necessary  reduction 


Not-for-profll  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
Respiratory  care.  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20Lh  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events.  RESPIRATORY  CARE. 
1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

February  16-17  in  Atlanta,  Georgia.  The  Perinatal/ 
Pediatric  Committee  of  the  GSRC  announces  a  perinatal/ 
pediatric  review  course  at  Piedmont  Hospital.  Contact 
David  Ellwanger,  Respiratory  Care  Services,  Piedmont 
Hospital.  1968  Peachtree  Rd.  Atlanta  GA  30309.  (404) 
603-3637, 

February  23-24  in  Kansas  City,  Missouri.  The  MRCS, 
the  KRCS,  and  the  Respiratory  Care  Management 
Association  present  the  5th  Annual  Midwest  Respiratory 
Care  Symposium.  Featured  topics  include  a  cystic  fibrosis 
update,  the  effect  of  noise  in  the  NICU,  hemodynamics,  the 
future  of  pulmonary  rehabilitation,  and  implications  of  venti- 
lator support  for  terminally  ill  patients.  Contact  Mary  Cullen 
CRTT  at  (816)  276-8711. 


Medicine  cosponsor  the  5th  International  Conference  on 
Pulmonary  Rehabilitation  and  Home  Ventilation  at  the 
Hyatt  Regency  Hotel.  Pre-  and  post-conference  postgradu- 
ate workshop  topics  include  pulmonary  rehabilitation, 
home  ventilator  care,  respiratory  sleep  disorders,  nicotine 
dependency  treatment,  and  transtracheal  oxygen.  The  pro- 
gram is  endorsed  by  the  American  College  of  Chest  Physi- 
cians; program  chairman  is  Barry  Make  MD.  Contact  the 
National  Jewish  Center  Office  of  Professional  Education  at 
(303)398-1000. 

March  30-31  in  Hollywood,  California.  The  Queen  of 
Angels-Hollywood  Presbyterian  Medical  Center  and  the 
Children's  Hospital  of  LA  present  the  10th  Annual 
"Clinical  Advances  in  Ventilator  Technology"  Sympo- 
sium. Call  the  CSRC  Hotline  24-hours-a-day  at  (213)  727- 
CSRC  for  more  information. 


March  1-3  in  Champion,  Pennsylvania.  The  PSRC,  in 

conjunction  with  the  University  of  Pittsburgh  at  Johnstown, 
announces  the  1 5th  Annual  South  Central  Respiratory  Care 
Symposium,  "Conference  at  the  Slopes,"  at  Seven  Springs 
Ski  Resort.  Among  the  topics  to  be  covered  are  lung  trans- 
plant updates,  rehab  and  home  care  concerns,  humor  in 
medicine,  legal  issues  in  health  care,  and  sleep  disorders. 
Contact  Sandy  Smith  at  (814)  269-2949  or  fax  (814)  269- 
2966. 


April  17-19  in  Bellevue,  Washington.  The  Respiratory 
Care  Society  of  Washington  announces  the  22nd  Annual 
Pacific  Northwest  Regional  Respiratory  Care  Conference 
at  the  Bellevue  Red  Lion  Inn.  Management,  pediatrics, 
and  education  are  featured  subjects.  The  latest  in  health 
care  equipment  is  on  display  for  two  days.  For  a  brochure, 
contact  Bob  Bonner,  Chair,  Health,  Education,  and  PE 
Division,  Highline  Community  College,  PO  Box  98000, 
Des  Moines  WA  98198.  (206)  878-3710,  ext  469. 


March  8-10  in  Southshore  Lake  Tahoe,  California. 

Chapter  9  of  the  CSRC  and  the  American  Lung 
Association  of  Alameda  County  host  the  1 7th  Annual 
Tahoe  Conference,  "Enhancing  Our  Future...  From 
Hospital  to  Home,"  at  the  Embassy  Suites.  Contact  Kathy 
Gallego  at  (510)  947-5370  or  George  Rice  at  (510)  947- 
5292. 

March  12-15  in  Denver,  Colorado.  The  AARC  and  the 

National  Jewish  Center  for  Immunology  and  Respiratory 


OTHER  MEETINGS 

February  23-26  in  Fort  Worth,  Texas.  The  Association 
for  Gerontology  in  Higher  Education  ( AGHE)  presents  its 
annual  meeting,  entitled  "Leadership  in  Gerontology: 
Continuously  Improving  the  Quality  of  Education,"  at  the 
Worthington  Hotel.  Contact  AGHE,  c/o  School  of 
Medicine,  Oregon  Health  Sciences  University,  3181  SW 
Sam  Jackson  Park  Rd,  Portland  OR  97201. 
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Type  Of  Insln/Practice 

J  Hosp  >  500  or  more  bed 

J  Hosp  300  to  499  beds 

J  Hosp  200  to  299  beds 

J  Hosp  100  to  199  beds 

J  Hosp  <  1 00  or  less  bed 

-1  Skilled  Nursing  Facility 

U  Home  Care  Practice 

3  School 

Department 

-1  Respiratory  Therapy 

LJ  Cardiopulmonary 

CJ  Anesthesia  Service 

_1  Emergency  Dept 

Specialty 

J  Clinical  Practice 

J  Pennatal  Pediatrics 

J  Cntical  Care 

J  Clinical  Research 

J  Pulmonary  Function  Lab 

J  Home  Care/Rehab 

G  Education 

G  Management 

Position 

J  Oepi  Head 

J  Chief  Therapist 

J  Staff  Technician 
J  Staff  Therapist 
J  Educator 
J  Medical  Director 
J  Anesthesiologist 
J  PulmonologisI 
J  Other  MD 

Are  you  a  member  of  the  ^ 
_J  Yes  2  G  No 


Type  of  Instn/Praclice 
J  Hosp  >  500  or  more  beds 
:.  J  Hosp  300  to  499  beds 

I  J  Hosp  200  10  299  beds 
J  Hosp  lOOlo  199  beds 

•  G  Hosp  <100  or  less  bed 
1.  G  Skilled  Nursing  Facility 
'-  Q  Home  Care  Practice 
I-  G  School 
I.  Department 
i.  3  Respiratory  Therapy 
i  G  Cardiopulmonary 
',.  G  Anesthesia  Service 
)  G  Emergency  Dept 

II  Specialty 

G  Clinical  Practice 
!.  G  Pennatal  Pedialncs 
I.  G  Cntical  Care 
:  G  Clinical  Research 
I.  Q  Pulmonary  Function  Lab 
i.  G  Home  Care/Rehab 
'  G  Education 
I  G  Management 
^/.  Position 
k  G  Dept  Head 
1  G  Chief  Therapist 
;  G  Supervisor 
)  G  Staff  Technician 
:.  Q  Staff  Therapist 
■  G  Educator 
]  G  Medical  Director 
f  G  Anesthesiologist 

G  Pulmonologist 

G  Other  MD 
:  G  Nurse 
'  Are  you  a  member  of  the  AARC 

J  Yes  2  GNo 


4jC 


Information  Requests  or 
Change  of  Address 


Please  complete  the  card  below 

AARC  Membership  No.  

Old  Address 

Name  

Street  


City/State/Zip 
New  Address 
Street  


City/State/Zip 


Check  the  boxes 
below  for  information 
from  the  AARC 

□  Change  of  address 

□  AARC  Membership 
Info 

a  AARC  Catalog 

□  AARC  Position 
Statement 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL    PERMIT  NO.  604     RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  PUBLICATIONS 
POBOX  1856 
RIVERTON  NJ  08077-9456 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


l...i..l.ll...l...ll...ll.l...l..l.l.l..ll...l..ll 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL    PERMIT  NO.  604    RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  PUBLICATIONS 
POBOX  1856 
RIVERTON  NJ  08077-9456 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


I.mImI.II...I...II...II.I...I..I.I.I..II...I..II 


Return  Address 


AMERICAN  ASSOCIATION  FOR 
RESPIRATORY  CARE 
11030  ABLES  LN 
DALLAS  TX   75229-4593 


Place 
Stamp 
Here 


ll..,l,l,l„.MMl.ll.l.MlMl.l,l,l,l,M.ll..lMli 


CPAP 


Always 

A  Step  Ahead! 

Evita  makes  work  of  breathing 
even  easier! 


0.5  t  (s) 


Occlusion-pressure 


I   -10  : ■ i. 

i         0  1  2 

Intrinsic  PEEP 


Now  Drager  provides  you  with  two  more 
powerful  tools  to  optimize  weaning  of  your 
patients. 

Introducing  Flowtrigger  without  increase  of 
expiratory  resistance,  combined  with  P01 
measurement  to  determine  the  patients 
ventilatory  drive. 

To  extend  monitoring  capabilities  Evita  now 
includes  the  ability  to  measure  Intrinsic 
Peep  with  the  display  of  Trapped  Volume. 

With  Drager  you  can  stay  one  step  ahead  in 
providing  safe,  patient  friendly  ventilation. 
For  the  difference  your  patients  can  feel, 
choose... 

Drager:  Technology  for  Life 


€*^* 


Drager 

Technology  for  life 

4101  Pleasant  Valley  Road     Suite  100     Chantilly,  VA  22021 
Tel  (703)  817-0100     Fax  (703)  817-0101 

Circle  101  on  reader  service  card 


INTRODUCING 
3  NEW  Technologies  in  Arterial  Blood  Sampling 


ASPIR-    PULSE 


rterial  Blood  Gas  System 


NEW,  Advanced  JKSPIR-PULSE    Syringe 


Patented  design  improves  filling  for  both 
Aspiration  and  Pulsat\or\  techniques 


NEW,  Purge  Guard  "^ 

One-Handed  Safety  Needle  Venting  System 


Patent-pending  design  allows  On^Handed  operation 
to  immediately  Purge  Air  Bubbles,  immediately 
Guard  the  needle  point  and  immediately  free  the 
other  hand  to  apply  pressure  at  the  puncture  site 


NEW,  Total  Ca++  Lyte™ 

Precision  Heparin 

A  breakthrough  patented  heparin  to  maximize  the 
precision  of  test  results  obtained  from  the  new  critical- 
care  blood  gas  and  critical  analyte  analyzers 


7       /•^>-^*>'e-'*V 
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0       y^ 
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See  your  Sherwood  Medical  O.RVCritical  Care  Sales  Representative  or  call  1-800-325-7472  for  a  complete  listing  of 

ASPIR-/»///je    Arterial  Blood  Gas  Kits, 


0 1 994  Sherwood  Medical  Company 


A  Sheriuaad 

^^ MEDICRL 


Circle  104  on  reader  service  card 


